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PEEFAOE. 



This volume is intended for a handbook for the use of 
those who are much occupied with volumetric work. The 
metliods described are most of them general, and have 
been carefully selected and brought up to date. It is be- 
lieved that few valuable processes have been omitted. In 
most cases where from the scope of the book brevity is 
necessary, references to further and more extended sources 
of information are appended. 

Part I. contains directions for the selection of apparatus, 
connection of errors, preparation of solutions, etc. 

Part 11. is devoted to the methods of estimating the ele- 
ments and their more important compounds. 

Part III. contains a few cases of the application of 
methods described in Part II. 

Thanks are due Mr. W. E. Du Bois, Assayer of the Mint 
at Philadelphia, and Prof. Koenig, of the University of 
Pennsylvania, for information received. Much valuable 
work has been done in the past few years in the applica- 
tion of the spectroscope to volumetric work. For an ac- 
count of the progress made in this direction, the following 
works may be consulted : Vogel's "Practische Spectral- 
analyse Irdischer Stoffe, Nordlingen, 1877," Vierordt's 
" Die Quantitative Spectralanalyse in ihrer Anwendung auf 
Physiologic, Physik, Chemie und Technologic, Tubingen, 
1876." 

Edward Hart. 

Baltimore, January. 1878. 
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INTRODUCTORY. 

When we analyze a substance volumetrically, 
we pay attention to the volume of a solution of 
known strength which must be added to it to per- 
form a certain reaction. The exact moment when a 
sufficient quantity of the solution has been added 
is known by changes which are visible to the eye, 
but are different in different cases, and depend upon 
the nature of the substance to be estimated and the 
solution used. Sometimes a third substance must 
be added to show an excess of the reagent, and in 
this case the appearance which marks the comple- 
tion of the analysis is called the end reaction. The 
indications by which we know analyses to be fin- 
ished may be classed as follows : 

1. A change in color of the titrated solution. 

2. The point when a precipitate ceases to form. 

3. The formation of a precipitate in the whole 
solution, or the formation of a precipitate or color 
in a portion which is dipped out and tested with 
an appropriate reagent. 

4. The re- solution of a precipitate. 

To the first class belong all acidimetric and alka- 




TUE INSTKCMENT8. 

8, Precipitation. — Under this head are classed 

lose reactions in which the substance is, 1st, 

ilirown down completely hy an appropriate reagent ; 

id, the reagent is added until iv precipitate makes 

:8 appearance ; or, 3d, tlic reagent added to a solu- 

ion containing a suspended precipitate until this 

^dissolves. Whatever tlie change hrought about, 

;t must be a chemical one and of a definite character, 

and must take place rapidly. If the reaction pro- 

luced is inlluenced greatly by the strength of the 

lolutiou or the temperature, it is of doubtful value, 

md only to be used when these conditions can be ! 

made thu same in all instances. j 

Beside the apparatus used for gravimetric analy- 

a, we need for volumetric work, ai)paratu8 for 

leosui'iug the exact volume of solutions used, for 

preparing and keepiug solutions, and for some other • 

special purposes. 
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As the balance is the Jinal resort in all analysis, 
folumetric as well as gravimetric, it is important 
bat its accuracy and sensibility be ascertained 
lefore it is used. Two balances are needed— an 
jialytical balance capable of caiTying 100 gms. 
1 each pan and turning with ^j^ ragr. with this load, 
I a larger one carrying 2 to fi kilogrammes and 
arning with 5 nigr. with its full charge. The smaller 



balance is used for weighing out accurately small 
quantities of substance for analysis, etc. ; the larger 
one for graduating litre Hasks and tor weighing 
roughly large quantities of chemicals. 



THj; BURETTE. ^H 

Many different forms of burette have been pr^^ 
posed, adapted for special purposes, or for which 
the inventors claim especial excellence. They are 
all constructed on the same general principle, how- 
ever, and consist essentially of a perfectly cylin- 
drical glass tube, of equal diameter throughout, 
divided into cubic centimetres and fractions tlieroof. 
The scale is usually etched or ground upon the 
outer surface of the glass. The modifications in the 
form of the burette spoken of above have reference 
to the mode of securing the best delivery of the 
fluid. It is necessary that the apparatus for this 
purpose sliall allow the liquid to flow either in a 
continuous stream or in small drops, at the pleasure 
of the analyst, and that tlie flow may bo easily 
and quickly adjusted. The burette most generally 
used is that of Mohr, which is simple, convenient, 
and cheap. It consists of a straight tube drawn out 
at the lower end, the drawn-out portion having such 
a shape that a pk^ce of rubber tubing slipped over 
it will adhere firmly without any other fastening. 

This drawn-oiit portion is shown in the accom- 
panying figure. A slRirt piece of rubber tailing is 
slipjied over this, and into its lower end a drawn- 
out glass tube with a fine aperture inserted. In 
this condition the liquid in the burette would flow 
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from the point in a fine stream. For regulating this 

flow, a pinch-cock, shown in Fig. 3, is slipped over 

the rubber tube. When the 

pressure is entirely removed, 

the pinch-cofk presses the 

walls of the tube together, 

making a perfectly tight 

joint, Fig. 2, Another 

method of regulating the 

flow is by slipping a jiiece 

if glass rod about 1 centi- 
metre long inside the rubber 
ibe between the burette 
point and tlie delivery tube, 
I in Fig. 4. 

By pressing this part of 

Ebe tube between the thumb 

id forefinger, a channel 

Bay be made along the side 

if the rod, which may bo 

ogulated at will, so as to 

teliver tlie fluid in a stream 
tw in drops. The only ob- 
jection to this form of burette is that it cannot 
be used with po- 
tassium perman- 
ganate ■ solution, 
which acts upon 
the rubber. A 
number of modifi- 
cations have bei.'U 
■oposed to avoid this difficulty, but the best 

'ay out of it is to purchase a burette witli glass 
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cook to be used for that solution alone. Another 
fonn of burette valve is that of Prof. Koonig, of the 
Uuiversity of Penusylvania. This is shown in Pig, 
5, and is easily understood. The plate, which 
closes the capillaiy orifice, is covered with a 
small piece of india-rubber cemented to the 
spring by means of a solution of rubber in 
chloroform. Tlie spring itself is also dipped 
several times in the rubber solution, and, as 
the chloroform evaporates, a thin film is left 
protecting it from the action of acids. These 
burettes may be used witli any solution, do 
not leak, and the rubber is not sensibly at- 
tacked. Iodine solution, however, must not 
be allowed to remain in the burette any great 
length of time, as the German-silver spring 
is attacked by it. Still another form of valve 
which is intended to replace a glass stop- 
cock is shown in Fig. 6. * It lias two principal 
objections : the tirst, that it is difficult to 
make' a perfectly tight joint, and the second, 
^'"" ■"* that small particles suspended in the liquid 
are apt to get iu the joint and cause leakage. 

Gay-Lussac' s burette, shown in Pig. 7. has several 
disadvantages, among which are that it is very fra- 
gile and easily broken ; that it must be held in the 
liand, which communicates its heat to the contents 
and so slightly increases the volume of contained 
liuid,and that it is difficult to regulate the flow with 
exactness. Mohr has modified this burette so as to 
remedy these points by placing it on a wooden foot 
and closing at the top by a perforated cork with a 

* Britton, Ainericnn Cliumlat, vol. vii., p. 50. 
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tulae inserted, by blowing into which the flow may 

be very accurately regulatt'd. Hia arraiigemeut is 

shown in Fig. 8. Geissler' s burette is like Gay-Lu8- 
lac'a, except that the small tube ia placed inside the 

large one. Casamaior'a burette*, shown in Fig. 9, 
las the advantages of portability and being easily 
laadled withoiit heating tlie Hiiid. By inclining the 
iJUrette, grasping it at the top, and turning the tube, 

tixe How may be regulated at will. Mohr's burette, 

when it can be used, is to be 

|)referred to any of the forms 
ibove described, and, with potas- 

^nm permanganate, it is jirefer- 
ible, as before stated, to have a 

burette with glass stop-cock. 
This stop-cock should have the 
dmpe shown in Fig. 10, and ( 

tnust be accurately ground. Be- 1 
bre being used, the tap shoidd \_ 
S- removed and s^/yA^/?/ greased 
tfith clean tallow. This causes 
t to turn easily in the sork(.'t, 
hA makes the joint perftjctiy 
3ght Burettes witli glass cock ^'"^ *■ 

Buy be used with any solutions except caustic alka- 
'is, which ai-e apt to attack the glass at the cock, 
Bd cause it to stick. With Molu's burette, tlie 
i-cock (Fig. 3) may be used, or either of the 
brras shown in Fig. 11 ; the one shown in Fig. 3 is, 
lowever, to be preferred. The metal disks of this 
lamp are soldered to the wires, which has been 
lleged as an objection to its use, as acid attacks 
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i causes the disks to fall off, but the 
le instruiuent is small, and it can be 
replaced as often as ne- 
cessary. It is certainly 
a much more conyenient 
foim tlian any of the 
substitutes which have 
been proposed. For the 
pui-pose of filling the 
burette rapidly, where 
many successive analy- 
ses of the same kind are 
to be made, Mohr places 
a T-shaped glass tube 
between the burette and 
the pinch-cock, and the 
tliird arm of tliis is con- 
nected with the bottle 
containing the standard 
solution, by a piece of 
nibber tubing, as shown 
in Fig. 12. By press- 
ing on the pinch-coek, 
showu at the right in 
the figure, the sohition 
flows into the burette, 
and may be immediate- 
ly used for titi-ating. 
When a burette is filled 
with liquid, it will be 
noticed tliat the sur- 
■'1° "■ face has the appeai-ance 

shown in Pig. 13. This is due to the capillaiy 
attraction which the glass exerts toward the water. 



H THE INSTKU^tENTS. ^^^^^^^^^| 


■ It is an importaqt point, in reading, to select one of ^H 


B these surfaces, and to use tliat invariably in estimating ^| 


L 


amount 


^^v^i9H 


of fluid. The 




point gener- 




ally taken is the lower surface of the ^m 




meniscus, and all large pieces of appa ^H 




ratus, such as flasks, ^H 




mixing cylinders, etc., 1^^ 




are graduated in that I'J 




way. For reading hu- fj^ 




rettes, Mohr uses a 


J 




small card, the upper 




pai-t of which is white. 






while the lower half is 


^^^^^^ 




blackened. By plac- 


^^^^^^k 




ing this on tlie aide of 


^^^^^H 




the burette opposite 


^^^^H 




the eye, so that the 


^^^^^H 




dividing line between 


^^^^^H 




the black and white 


^H 




portions is 2 to 3 mm. 


^H 




. below the lower sur- 


^^^^^B 


^^^^^P^^ face of the liquid, and 


,^^^^H 


^^^^^^^^ bringing the eye on a 


'i^^^^^H 


^^^^F level with it, the lower 




Hportion of the meniscus is bounded 




Ky a shai-ply defined black line, by 


i^^^^^H 


K^hich it may be very accurately read. 1. 


.^^^^^H 


^K. better plan is to make use of the ^T ^fchi ^^M 


^poat invented by Erdmann,* shown r™. b. ^H 


Ki Fig. 14. It Is a piece of thin glass ^H 


Rubing, with a small bulb at the lower eiul contain- H 


^^ * Liebig'B Annalen. 103, 359. ^H 



tolumetr:c analysis. ^^^^M 

ing mercury, to keep it in an upright position, and 
drawn out at tlie top into a small ring, by which it 
may be easily lifted from the burette. A line is en- 
graved entirely ai-ound the float, and the amount of 
mercury placed in the bulb is so regulated that it 
will jnst float in water. To read the bu- 
rette, the eye is so placed tliat the lines 
behind and in front coincide, and the 
corresponding point on the burette 
noted. The float should be slightly 
smaller than the interior of the burette, 
80 that it may move up and down with 
ease; hut it should not liave too much 
play, or it ivill show an inclination to 
adhere to the walls and produce in- ■ 
correct readings. Each burette in use 
should havG a swimmer of its own. 
When the mercury used to weight the 
swimmer is allowed access to the upper 
bulb, it is slowly oxidized and covers 

Tthe interior with a yellowish coating, 
through wliich it is difficult to see the 
line at the back. To remedy this, the 
mercury is placed in the small bulb be- 
"*' ■ low and sealed in, either by fusing a 
small bit of sealing-wax in the opening or by seal- 
ing it in a blow-pipe flame.* 

Buiettes are made from tubes of nearly uniform 
width. They are fllled with liquid to the mark 
made at the point, and then 30, 50, or 100 c. c. run 
out and another mark made. After this, they are 
placed in a dividing engine, and the distance between 

* VolLard, Liebig's Annftlen, 176, 340. 
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3le two pointa divided in 30, 60^ or KX) equal parts, 
•and tliesi.' subdivided into lifths or teiitlis. These 





iivisions are tlien oitlier ground or etclied ■ 
Inasmuch as it is very i-arely possi 
obtain tubes of exact- 
the eame dinien- 
lions throughout, these 
livisions do not always 
represent exact cubic 
ientimetres and parts 
M cubic centimetres as 
ihey pretend to do. If, 
or example, the tube 

f the burette is widest 

1 the upper part, the 
lirisions tliere will con- 
ain more than those 
Dwer down. Befoi-e 
iBing a new burette, 
t is therefore absolute- 

r essential that this 

rror, if any, be deter- 
ined. To do this, till fw. k. 

be "burette to the mark witli distilled water 
6EQperature of 16° and run out 10 c. c. into a 




at the 



■■ 
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1 weighed 


flask 


and weigh it again, then run in | 


H a second 


10 C. 


-.. and 


weigh ; repeating this until 
the burette is empty. By- 
subtracting the 1st weight 
from the 2d, the 2d from the 


■ 


! 


!i 


3d, etc., it is easy to find 
how much each 10 c. c. of 
water weighed ; and as each 
should weigh exactly 10 
gms., the error, if any exists, 


^^^Hp 


- 


" fl 


is at once apparent. Small 


^^p '^^^1 


I 


i 


errors up to 5 to 10 milli- 
grammes in 10 c. c. may be 
entirely neglected. The fol- 
lowing weighings were made 
in ascertaining the error of 
graduation of a burette used 
by the author. 


^1 A. 




lllliM 


Correction for burette 


H Fla.13. 


p 


...4. 


marked a, 


^ Fksk 




weighed 90-0052. 


^^^^H 




h lOc 


c. " 30-1069. 


^^^^H 




- 20 c 


c. " 40-1548. 


^^^^H 




- 30 c 


c. '* 50-1346. 


^^^^H 




- 40 c 


c. " 60-0712. 


^^H 




- 60e 


c. " 70-0202. 


^^H 


Is 


10 c 


c. weighed 10-1007. 


^^^^H 


2d 


10 c 


c. " 10-0489. 


^^^^H 


3d 


10 


c. " 9-9798. 


^^^^H 


« 


1 10 c 


c. " 9-9366. 


^L 


6t 


1 10 c 


c. " 9-9490. 
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The following table was constructed from these 
data : 



Apparent 


Real No. 


Apparent 


Real No. 


Apparent 


Real No. 


No. of c. c. 


of c. c. 


No. of c. c. 


of c. c. 


No. of c. c. 


of c. c. 


1 


l-Ol 


18 


18-14 ; 


i - - 
35 


35-1 


2 


2 


02 


19 


19 


■14 ' 


36 


3609 


8 


3 


03 


20 


20 


■ 15 ; 


37 


37 08 


4 


4. 


04 


21 


21 


• 15 : 


38 


38 08 


5 


5. 


05 


22 


22 


■15 


39 


39 07 


6 


6 


06 


23 


23 


■14 


40 


4007 


7 


7< 


-07 


24 


24 


14 


41 


41 06 


8 


8< 


08 


25 


25 


■14 


42 


42-06 


9 


9 


09 


26 


26 


14 


43 


43 05 


10 


10 


1 


27 


27 


13 


44 


44. 05 


11 


11 


1 


28 


28 


13 


45 


45-04 


12 


12 


11 


29 


29 


13 


46 


46. 03 


13 


13 


12 


30 


30 


13 


47 


47-03 


14 


14 


12 


31 


31 


■12 


48 


48-03 


15 


15 


12 


32 


32 


12 


49 


49 02 


16 


16 


13 


33 


33 


■11 


50 


50-02 


17 


1713 


34 


34-10 

1 







It is best to prepare such a table in all cases 
where the burette is incorrect, and to fasten it in the 
note-book or upon the wall of the laboratory for 
convenience of reference. 

It will be noticed that in the above table the cal- 
culation is not carried further than the second deci- 
mal place, and this is entirely unnecessary, since 
even with Erdmann' s swimmer we are not able to 
read closer than • 025 c. c. 

Burettes are intended to deliver given volumes of 
fluid, and will contain a little more than the gradua- 
tion indicates. 

Stands for supporting burettes are made of various 
forms. One of the best of these is shown in Fig. 15. 
It is capable of holding several burettes, and may 
also be used for supporting pipettes. A form given 



by PreseniuB is shown in Fig. 16. It ia intended 
for two burettes. The simplest, cheapest, and best 
form of stand that 
liaa come under my 
notice is that shown 
in Fig. 17, for which 
we are indebted to 
Prof. Wing, of Boa- 
ton. It is intended to 
support two burettes, 
only one of which is 
sliown in the tignre. 
The burette is se- 
cured by two strings 
passed over it and 
fastened by turning 
jtega to which the 
strings are attached. 
Fig. la ia the form 
which will be found 
most convenient 
whcnt only one bu- 
rette is in use.* 



f'" '*■ Pipettes are of two 

kinds — those! which are graduated like burettes, and 
those which are intended to deliver only one deter- 
minate portion of liquid, and have therefore only a 




• To prevent evnporatlnn. it 
bnretle while in use. whicli bIiu 
inTerled test-tube ovur if. 



iPBt to |>1bpp b mnrlile upon tlie 
ut duHt aa well, i>r, better, Blip ma 
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igle mark or graduation. Thost^ of the first kind 
,re simply burettes ^;o^tracted at the top to admit of 
egulating the How of 
[quid by the tinger. 
)nly the smaller sizes 
i these, below 5 c. c, 
re much used. The 
u;ger bizcb are some- 
imes used for esd- 
[tating roughly the 
;ngth of solutions 
irerious to a more 
areful determinatioH 
nib. the burette. 

Pipettes of the se- 
ond class, or volume 
(ipettes, are used for 
sividing solutions 
fld for measuring 
at portions of fluids 
dth exactness. They 
TB made of the fol- 
Dwing sizes: 1, 2, i 
0,30,26,50, 100, and" 
60 cc. 

Up to 20 c. c. they may have the shape of Fig. 19. 
lie larger sizes should have the shape of Pig. 20. 

The external diameter of the small sizes must not 

ter than 15 mm. in the larger part of the tube, 

therwise they cannot be inserted in the necks of 

all flasks. The internal diameter of the small 
abe upon which the graduation is made should 
ot be gn.'ater than 5 nmi. In the SJ5 c. c, pipettes, 
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the lower small tube should be at 
metres long, and proportionately 
larger sizes. It is bet- 
ter in all cases that 
the graduation-mark 
should be placed near 
the lower portion of 
the small tube, to 
which suction is ap- 
plied, as the fluid is 
apt to be sucked into 
the mouth if this lies 
higher up. 

There are three dif- 
ferent methods of de- 
livering the fluid from 
pipettes : 





First, by simply allowing it to run out without 
assistance, in which case one or two drops remain 
in the lower portion of the delivery tube. 



md then ^H 
int with ^M 
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Second, by allowing the fluid to run out, and 
ilowing out the drops adJiering to the point 
he aid of the breath. 

Third, byplacing the point of tlie 
lurette slightly inclined against the 

.e of the vessel, and allowing the 
tuid to run out in that way. 

The third method is to be pre- 
rred, and is the one generally 
lopted. The flow of the fluid is 
imewhat hastened, and the portion 
'hich remains adhering to the point 
Eis nearly the same Tolume in 
iccessive operations. AVliiclieTer 
lethod is adopted, it should be 
gidly adhered to throughout. Pi- 
lettes, like burettes, are graduated 

deliver.. To test their accuracy, 

is Bufficiont to fill to the mark 
'ith distilled water at 10°, empty 
ito a flask wliich lias been pre- 
iously weighed, and weigh this a 
jcond time. The difference of tlie 
vo weights in grammes should be 
le number of c. c. contained by the '"'"' "' ^"'' ^' 
ipette. Differences of 5 to 10 mgs. may be disre- 
iirded. When the graduation is incorrect, a new 
ae may be made by fllling the pipette with distilled 
ater. allowing it to run out, closing the point by 
small bit of wax, and running in from tlie burette 
,0 required number of c. c. The new mark may be 
ade witli a sharp tile dipped in turpentine, to pre- 
ent subsequent breaking of the glass. 
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MEASURING-FLASKS- 



These are iiaed for preparing standard eolations; 
dividing solutions witli the aid of tlie pipette, etc. 
Tliey ai-e of tlie following capacities : 100, 200, 250, 
300, 500, and 1000 o. c. graduated to contain. It is 
also convenient to have 100 and 2(X) c. c. Haaks grad- 




uated to deliver. Sometimes the same tiask has two 
graduations : one to contain, the other to deliver. 
They should be tolembly long in the neck, which 
should have an internal diameter of about 20 mm. 
The graduation-mark should be a little bt-low the 
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aiddle of the neck. They must be fitt^'d with accn- 
ately ground stoppers to admit of shaking fluids 
ontained in them. 

Mixing cylinders (Fig, 22) are convenient for 
)ngh measurement of fluids, etc. They are also 
tted with well -ground stoppers. 

It is most convenient to test the accuracy of the 
raduation of flasks by the aid of a balance capable 
E carrying 2 kilogrammes and turning with 5 milli- 
l^mmes. The perfectly clean and dry flask ia to 
B counterpoised, and then fiUed to the mark with 
LstiUed water of 16°, when the increase in weight 
lould be exactly 1 kilogramme with the litre, 600 

18. with the 500 c. c. flask, etc. 

VOLUMETRIC ANALYSIS WITHOUT A BtTRKTTE. 



Instead of measuring the volume of a standard 
alution, we may weigh it ; and as the weight is in- 
ipendent of temperature, this method ia often re- 
irted to where great accuracy is desired. It is a 
ower process, however, and on this account less 
eqnently used. 

The standard solution ia placed in the little flask, 
ig, 33, and the whole weighed ou a balance capable 
Itumingwith ■t)2gms. Thesolution 
then run into the beaker containing 
le substance to be estimated, and, 
T sufficient has been added, again 
■ighed. The diflerence in weight 
the amount of solution used. If ^"''^' 

i standard solution is need in this way, it must 
course be standardized in the same manner. 




VOLUMETRIC ANALYSIS WITHOUT WEIGHTS AND 
WITHOUT STANDARD SOLUTIONS. 

The way in which this is performed can "be best 
explained by an example. Suppose we have an iron 
ore whose percentage in iron we wish to determine. 
The ore is pulverized, and a portion of it placed upon 
one pan of a balance. Pieces of pure iron wire are 
then placed upon the opposite pan until equilib- 
rium is attained. Both are dissolved in acid, the 
ore solution treated with zinc to reduce tlie iron to the 
ferrous state, and then both solutions titrated with 
a solution of permanganate of unknown strength. 
The iron requires 20 c. c, and the ore 1 1 ■ 5 c. c. Then 
20 : 11 ■ 6 : : 100 : x. x = B7-5, which is the percentage 
of iron contained in the ore. In the same way, vi 
ous other estimations may be performed, as 
ash by weighing against pure sodium carboi 
crude oxalic acid by weighing against the 
article, etc. 



VOLUMETRIC ANALYSIS WITHOUT BALANCK i 
WEIGHTS. 

This can only be performed where bat two i 
stances are present in the body to be analyzed, ■ 
can be separated, and estimated by the same solution.n 
Brass, for instance, contains only copper and zinc. I 
A small piece is dissolved in acid, and the copper I 
precipitated by 11,8, filtered off, dissolved in uitiic ] 
acid, ammonia added in excess, and the copper pre- 
cipitated by a solution of sodium sulphide of un- 
known strength. The solution which containB the | 
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zinc is then made araraoniacal, and the zinc pre- 
cipitated, by the same solation of sodium sulphide, i 
Tlie c. c. of sodium sulpliide used for the copper are 
then multiplied by the atomic weight of copper, and 
!. used for the zinc by the atomic weight of zinc. 
NuTubera are obtained in this way which express 
the proportion of the metals to each other, and 
Erom these the percentage can be calculated. Sup- 
pose in an alloy known to contain only copper and 
nc, a small piece was treated in this way, and for 
lie copper 25 c. c.,for the zinc 20 c. c. sodium sulphide 
frere used. Then, copper : zinc ;: 2S x 63-36 : 2(J >: 
i-l6 ; copper : zinc : : 158400 : 130320 ; consequently 
.e copper forms iff-fJ-J^ of the alloy, or 54-87 per 
lent, and the zinc ^fffU^, or 45-13 per cent. 

'N THE SOURCES OP ERROR IN TOLTJMETRIC PRO- 
CESS KS. 

The volumetric process is liable to certain sources 
>f error, in addition to those of the gravimetric 
nethod. 

1. A small excess of the standard solution must 
;enerally be added to show the completion of the 
eaction, and tliis small excess, unless a correction 

( applied, is counted as performing part of the 
Fork. In many cases, this error is extremely small, 

1 account of the delicacy with which an excess is 
down. When the analysis mnst be made with great 

scuracy, or where the end of the reaction is not 
hown very sliarjjly, a correction may be applied 

) follows : Take a quantity of water in a beaker, 
nd, by the proper reagents, give it the color which 
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the solution is to liave at the completion 
analysis ; then add tlie substance to be analy; 
and ran in the standard solution until the same color 
makes its appearance. As an example, suppose it 
be required to make an analj-sis of a solution of sul- 
phydric aeid witli great accuracy. We take a large 
beaker containing water, and add some ammoniuBi 
carbonate, -then enough iodine and starch solutions 
to give it a faint blue color. Then a measured or 
weighed amount of the H,S solutionis poured in, and 
standard iodine solution run in from a burette untjl 
the same color is again produced. In some cases, the 
solution of the substance to be analyzed is very di- 
lute, and we must then make the correction in the fol- 
lowing way : First, add the standard solution to the 
substance to be analyzwl until the appearance which, 
marks the end of the reaction is produced ; then 
■with the same standard solution, and an indicator if 
necessary, produce the same appeaiance In a like 
Tolnme of pure water, and subtract the c. c. of stand- 
ard solution used for the water from the c. c. used for 
the actual analysis, the remaining c, c, will be the 
amount which took part in the reaction. 

2. If the fluid in a burette or pipette be run out, 
at one time rapidly, at another slowly, diHerent 
amounts of fluid will be obtained. It is therefore 
necessary always to deliver burettes or pipettes 
with the same rapidity. This precaution is espe- 
cially necessary with burettes, as the delivery of a 
pipette is regulated by the size of the opening at the 
point. The best practice is to deliver tlie fluid alow- 
ly, as more constant results are obtained in this way. 
The burette and pipette must be kept scrnpulou^y 
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clean, and should be rinsed from time to time, first 1 
with a solution of i^austio potassa, then with nitric 
acid, and finally with distilled water. 

The Bolutiona wliich are divided by means ■ 
pipettes should be dilute, since concentrated salt I 
solutions adhere to glass with different degrees of I 
tenacity. Tatlock* found that a pipette delivering | 
1000 grains of water at 60° F. delivered the follow- 
ing amounts of different salt solutions : 

(NH.j.SO. l-SSOO »i)7.e 

KCl 1-1813 888-4 

N»C1 13073 M7-7 

ZnSOj 1-4284 99S-a 

NH,C1 1.0734 090-3 

Temperature also has some influence upon the ad- 
herence of solutiona to glass, it being greater at low 
and leas at high temperatures. 

3. Intlnence of temperature. 

The volume of all liquids is affected by a change 
of temperature, and this is true of the solutions 
wliich are employed in volumetric analysis. As the 
solutions used consist principally of water holding 
(Small quantities of other substances dissolved, they 
are generally regarded, so far as expansion and con- 
tracUon are concerned, as pure water and the co- 
efficient of expansion, of pure water used for find- 
ing the correction to be applied. Unfortunately, 
however, standard solutions do not expand like pure 
Mrater, some of them departing widely from it, and 
Dearly all of them expand more rapidly. All meth- 
ol correcting the volume of a solution for the 



I 
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temperature by the expansion coefficient of water, 
therefore, are Insufficient,* The oulyproper method 
is to standardize solutions at the temperatures at 
which they are to he used, and then no correction 
need be applied. In general, however, the tempera- 
ture of a laboratory does not vary to any very con- 
siderable extent, and it is usually safe, if the solu- 
tions are all made and standardized at one tempera- 
ture, to neglect the small error due to expansion 
entirely. The temperature at which standard solu- 
tions are made, and flasks, pipettes, and burettes 
graduated, varies. In this country, 15° C. and 60° F. 
are often used. Molir uses 17- 5°, Sutton 16°, and 
Presenius takes aa the sta;ndard of volume the litre 
of water weighing 1000 grms. at 4°, or 999 ■ 981 at 16°. 
No advantage is obtained by this last method, and 
the litre is best taken aa 1000 gnne. pure water 
weighed in air, with brass weights, at 16° centigrade^ 
and 760 mm. barometer. Practically, it makes no 
difference whether the solution be made at 15°, 10°, 
or 17-5°, since the change in volume between these 
limits cannot be detected by ordinary volumetrio 
apparatus. 



PREPARATION OP SOLUTIONS. 

When much volumetric work is done, it is 
convenient to have tlie solutions used in titral 
equivalent to one another in strength ; 1 c. c. of 
solution, for instance, should contain enough sil^ 

* Bee CaBBtnaijor, Americaii Chemist, vol. vli., p. d40, 
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to exactly precipitate the chlorine contained in 1 c. c. 
of standard hydrocliloric acid, sodium chloride, or 
>arium chloride. The barium chloride solution, in 
;uni, should precipitate the suiphuric acid from an 
eqTial TOlume of standard sulphuric acid solution, 
c. 

This is easily accomplished if we weigh out in 
each case the hydrogen equivalent of the reagent 
bi grammes, dissolve in water, and dilute to 1000 c. c. 
In the case of univalent substances, the atomic or 
olecular weight in grammes is the proper amount 
i betaken; for example, hydiochloric acid = 36-457 
IS. per litre, sodium chloride = 58-5 gms. per litre, .' 
ad iodine = 126-85 gms. jjer litre. 
With bivalent substances, one half the atomic or 
lolecular weight is taken ; for example, sulphuric 
lid = -^ = 49" gms, per litre, sodium carbonate = 

41-521 gms. per litre. 
With trivalent substances, one third of the atomic 
reight is taken, etc. 

In every case, however, attention must be paid to 
he reaction to be accomplished, as tliis determines , 
he valence of the substance, and therefore the I 
imount which must be used. Potassium bichro- 
nate, for example, when used as an oxidizing agent, 
jives up 3 atoms of oxygen, and has therefore in 
ids case a valence of 6 and f the molecular weight, 
'r49'lTO gms. are used per litre. When used for 
ffecipitating, however, it throws down but 4 equiva- 
pnts of a univalent metal, and i the molecular 
rmgbt, or 73-7685 gms., is the amount necessary. 

Solutions made as above are called normal solu- 
toiiB. In many caseB, they are too strong and are 



diluted 10 or 100 times, and are called deci- and 
ceiiti-normal, written j\, y^. 

If we take ^j equivalent weiglit in grammes of a 
substance for analysis, using nonnal solutions, or 
xfif, using ^ solutions, the number of c. c. used will 
express also the percentage of pure substance sought 
■for, which the sample contains. 

Suppose, for example, we take a piece of iron 
wire weighing -56 gms., or -j-J-^ eq., and use 99-7 
c. c. ^ permanganate. The wire contains therefore 
99 ■ 7 per cent pure iron. 

This fact is often taken advantage of in technical 
work where a great number of analyses are made, as 
by it much calculation is saved. 

In the preparation of standard solutions, it must 
be borne iu mind that most salts, when dissolved in 
water, cause a falling in the temperature. Other 
substances — as, for example, sulphuric acid and 
sodium liydrate— cause a rise in the temperature. 
In either case, the solution should be allowed time 
for attaining the temperature of the air before being 
measured. Most salts, concentrated sulphuric acid^ 
strong saliTie solutions, etc., cause a condensation ia 
volume when dissolved in water, and this fact most 
also be borne in mind. In making normal solutions, 
it ia sometimei best to weigh out a little more tlian 
the amount required by theory ; dissolve and dilute 
to 500 c. c. ; then determine the strength very care- 
fully, and measure into the litre flask as much of thia 
solution as wiU produce the proper strength wheil 
dilut4?d to I litre. In all cases, after tht? solution hoa 
been diluted to the litre, and is supposed to be of 
normal strength, it should be very carefully titrated 
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against the proper substance and proved normal 
before being used. 

For a method of making up largy quantities of 
normal solution rapidly, see "Chemieal News," 
sxvi., 159, and xxix., 23. 

It is not always convenient to prepare solutions of 
Bxactly normal or decinorraal strength, as this sorae- 
is, especially when large quantities of Bolntions 
are made, becomes a very tedious process. It is 
usual then to make the solution approximately 
normal, and find its precise strength. Then a factor 
8 found, multiplying by which brings the number 
of c. c. to what it would be were the solution strictly 
normal. For example, the strength of an approxi- 
ateiy normal solution of sodium hydrate is found 
as follows : ■ 63 gms. oxalic acid dissolved in water 
I titrated, require 10-5 c, c. soda solution. If tlie 
Solution of aodium hydrate were normal, only 10 
C-c. would be requli-ed ; it is, therefore, too weak, 
I more is used for an analysis than would be 
done were the acid of normal strength, and the num- 
ber of c. c. used for an analysis must in each case be 
multiplied by ^, or ■9.'>2381. The bottle contain- 
ing the solution should liave the proper fiictor 
marked on the label. In this case, it would be, 
Bodium hydrate x QnUdSl = normal. It sometimes 
liappena that two solutions oftlie same substance are 
iat; band, one stronger and the other weaker than the 
normal standard. In this case, by determining the 
exact strength of each and mixing them in the pro- 
per proportions, the normal strength may be ob- 
ained without further trouble. Sii]>pose, for ex- 
IDiple, we have two solutions of sodium hydrate, 
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which, by titration, we find to be of such a strength 
that 10 c. c. normal oxalic acid = 5 c. c. of the stronger 
and 10 c. c. normal oxalic acid = 15-5 c. c. of the 
weaker. Let the volume of the stronger solution, 
which is required to saturate 10 c. c. of normal acid, 
be represented by a, and the volume of the weaker 
acid by &. Then let the proportions in which they 
are to be mixed to form a normal solution be repre- 
sented by X and y respectively. A volume of the 
stronger solution will saturate 10 c. c. normal acid 

times, and a volume of the weaker solution -—^ 

times : both together saturate h —jt- = x -h y. 

Clearing of fractions 10 bx + 10 ay = abx + ab^ ; 
transposing 

10 bx — abx = aby — 10 ay 
bx (10 — a) = ay{b- 10) ; 

dividing by by (10 — a), 

X _ ay {b — 10) x _ a (b — 10) 

y - by (10 - a)' ^^ 2/ ^ & (10 - a) 
x:y : :a {b —10) : & (10 — a). 

Substituting the values of a and b in the above ex- 
ample, we have 

x:y::5 (15-5 - 10) : 16.5 (10 - 5), or 
x:y : : 27-5: 77.6. 



ANALYSIS BY SATURATION. 



GENERAL METHODS. 



As was explained on page 2, all the reactiona used 
volumetric estimations may be classed uuder 
hree heads: 
1. Saturation. 
3. Oxidation or Reduction. 
3, Precipitation. 



ANALYSIS BY SATURATION. 

SoLDTIOHS REQUIRED. — SODIUM CARBONATE. 

Iformal Solution = 53 ■ 043 gms. Na,CO, per litre. 

A somewhat larger quantity than 53 gms. pure 

Horesced sodium cai-bonate is heated to dull red- 

peBS (not to fusion), allowed to cool under the desic- 

sator, and exactly 53-043 gms. weighed out. Aa the 

bodium carbonate absorbs moisture slowly during 

iie weighing, this must be done quickly. It is then 

Ussolved in water, and the solution diluted to one 

litre. If pure carbonate cannot be had, it is easy , 

'" » prepare it by passing a stream of washed CO, 

•ough a saturated solution of the purest sodium 

irbonate tliat can be obtained. Tlie resulting pre- 

bipitat« is to be drained from the adhering mother 

Biqnor by means of the Bunsen filter pump, and 

*fterward by pressure between filtering paper. , 

Eighty-fire gms. of the hydrogen sodium carbonate , 

I BO obtained, when ignited to dull redness for about 
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ten mumtes, leave 53 ■ 6 gnis. Na,CO„ or slightly more 
than the proper amount. S^NaHCO.) = Na,CO, + 
H,0 + 00^.) Mohr ascertains the correctness of the 
standard solution by evaporating 50 c. c. to dryness 
in a small platinum dish, drying perfectly, and 
heating over the lamp until the bottom of the dish 
is of a very dull red. Tlio dish is allowed to cool 
under the desiccator, and then quickly weighed. 
The sodium carbonate ao obtained sliould weigh 
2-65 gms. It is also advisable to compare ita 
strength with that of the standard acids. 



Oxalic Aoid. " 

Normal Solution = 1(3 gius. CiH,0,+3H,0 per litre. 

Commercial oxalic acid genemlly contains calcium 
oxalate and acid potassium oxalate, from which it 
must be purified before being used. The purest 
acid which can be obtained is to be tested for limie 
and potassium by vaporizing a portion over the 
lamp in a platinum crucible, and examining the res- 
idue, if any remains, for these two substances. If the 
acid contains calcium oxalate, it may be purified by 
adding a quantity of lukewarm water insufficient to 
dissolve all the crystals, and filtering off the portion 
dissolved. The lime remains bohind. The solution is 
then evaporated until a portion of it crystallizes out. 
This first portion contains most of the foreign salts, 
including the acid potassium oxalate, if any be 
present. Tliesi> crystals are rejected, the mother 
liquor is evapoi-ated, and the crystals obtained 
from this, after one or two recrystallizations, will 
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■■ pnre oxalio acid. Tliey must volatilize com- 
Dletelj', leaving no itsidue whatever. They are to 
be dried by pressure between filtering paper, and 
afterward allowed to lie in a cool place, exposed to 
;lie air, but protect<=!d against dust until all hygro- 
jcopic water has evaporated. Sixty-three gms. of 
ike dry acid are to be dissolved in distilled water, 
nrashed into the litre fiask, and the flask filled to the 
containing mark with distUled water of 16°. Tliis 
lolution is apt to decompose slightly unless protected 
■om the action of light. For this pui-poee, the bot- 
tle containing it should be slipped into a bag made 
of black material, and this tied tightly around the 
peck of the bottle. Tiie noiTnal solution sometimes 
3epOBits crystals when exposed to low tempt^i-atures, 
md should therefore always be shaken before being 
sed. 

Before being employed, the solution must be ti- 
rated against the sodium carbonate solution, and 
Ibo against the ^ potassium permanganate solu- 



lOn. 

One c. c. should be equal to 1 f 
trbonate, and 10 c. c. ^ potassii 



c, normal sodium' 
ni permanganate. 



SiTLPHUiiic Acid, H,S0,, 

Normal Solution = -49 gms. n,SO. ppr litre. 

Add 30 c. c, of the concentrated acid to lialf a litre 
' water, and allow the mixture to stand uutU the 
imperature of 16° is reached. Two separate por- 
of this dilute acid, of 10 c. c. each, are then to be 
leasuredofE, andtheexactamountof sulphuric acid 



in the first loaud by titrating against sodium car- 
bonate (see page 38), In the second, it is to be 
precipitatwl by BaCl,, and the amount of HiSO,, 
calculated IVom the weight of BaSO., found. Hav- 
ing found I ho exact amount of n,SO. contained in 
1 c. c. of the dilute^ acid, the number of c. c. to be in- 
troduced in the litre fiask, so as to ^ve the proper 
strengtli on dilution, may be calculated from the 
following foiinula : 

Nnnil)erofc. c. tobeused - 



gnis. H,SO, in 1 c. c. 

If, for example, 1 c. c. of an acid prepared as 
above be found to contain -133 gms. H,SO, in 1 c. c., 
then 

49- 
Number of e.e. to be used— -j^ = 303-96 c.c. 

This amount must then be measured into the litre 
tlask, and the flask tilled to the mark with water of 
1G\ 



Hydeochloeic Acid, ECl. 

Normal Solution = 36-«7 gwa. HCl per litre. 

Tlie strongest hydrochloric acid of commerce o 
tains 42 ■ 43 per cent HCl gas, and has a specific g 
ity of 1-91, Roscoe and Dittmar have shown fi 
when a solution containing HCl is distilled at \ 
ordinary pressure a liquid containing 20 '23 per c 
HCl, and having a sp. gr. of 1 • 1, finally distils oJ 
If the solution be stronger, in the first place, 



i given off until tliia composition is reached, when 
he solution distils over unchanged. If the acid be 

prigtnally weaker, water distils over at first. About 
JB c. c. of the acid of 1 ■ 21 sp. gr., or 170 c. c. of the acid 
f 1 ■ ] sp. gr., are to be diluted to fiOO c. c, and two por- 

^ons, of 10 c. e. each, are taken out, in one of wliich 
iie strength is estimated by means of the sodium 

jjarbonate solution, and in the second by precipita- 

Hon with silver nitrate and weighing the silver chlo- 
ade obtained. The e.>:act strength of this solution 
jeing known, the proper amount is introduced into 

the litre tiask, and the flask filled to the mark with 

(rater. A solution of this strength may be boiled 
rithout losing acid, and it is in many cases a far 
etter solvent than either standaixl nitric or sulpliu- 

ic acid. 



Nitric Acid, HNO,. 

Norma] Solotioo = C3044 gma. HNO, per litre. 

About 105 gms. of the dilute acid sp. gr. 1-3 are 
Uluted t« 500 c. c, and two portions, of 10 c. c. each, 

a taken out. One of these is titrated with stand- 
ffd sodium carbonate ; the other is to be placed in 
y platinum evaporating dish, an excess of pure am- 
oonium hydrate added, the solution evaporated to 
dryness, and heated in the air-bath at 110° to 120°. 
'he residue will be ammonium nitrate, from the 
reight of which the nitric acid may be calculated. 
itter the strength is known, place the proper 
motmt in tlie flask and dilute to the litre. 
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Sodium Hydrate, NaOH. 

Normal Solution = 40'043 gma. NaOH per litre. 

About 90 gms. of the purest sodium hydrati; that 
can be obtained may be dissolved in water and 
diluted to flOO c. c. The strength of the solution is 
best estimated by titration against a weighed amount 
of pure oxalic acid. After the exact strength has 
been found, the proper amonnt 
is to be measured into the litre 
flask and diluted to a litre. The 
solution must be fhfe from car- 
bonic arid, and shonld be kept 
in a bottle like Fig. 24. The 
tube is tilled with a mixture 
of sodium sulphate and lime, 
which lias been ignited, and 
broken into small pieces. Thia 
absorbs all carbonic acid and 
prevents any from entering the 
bottle. If pure sodiam hydrate 
cannot be bought, it may be 
' made by boiling a solution 
of one part sodium carbonate 
(Na,CO, + 10H,O) in ten parts 
,,j^ yi water with one part lime, pre- 

viously slaked and made into 
a thin cream witli water. The opeiution is con- 
ducted in a silver basin or clean iron pot. After 
boiling the mixture for half an hour, replacing the 
water as fast as it evaporat-es, cover the vessel and 
allow it to cool. The calcium carbonate, together 
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'ith the excess of lime, settles to the bottom, and 
le clear solution of Bodhim hydrate may b*3 do- 
a.nted and diluted to the proper strength. 

PoTASsicM Hydrate, KOH. 

SormiLl Bolation = 68-187 ^niB. KOH per Utrp. 

Prepai-ed and preserved like sodium hydratt'. It 
1 to he prefeiTed to the latt«r, because it doe.n not 
ttack glass vessels quite as strongly. 

Ammonhjm Hyckate, NH.OII. 

Normal Siilmion = 35 gmo. NHjOH, or 17 gma. KH, per litre. 

The solution of ammonium hydrate of ep. gr. -88 

Lay be used, Ifc must be perfectly free fi-om car- 
tonic acid, and must leave no residue when evapo- 
ated to dryness. About 60 c. c. are to be diluted to 
k half litre, two portionsof 10 c. c. each rapidly meas- 
[Ted out and titrated, one against standard oxalic, 
jid the second against standard Jiydi'ochloric or sul- 
ihuric acid. After ascertaining the exact strength, 
aeasure the proper amount into the litre flask and 

Hute. All these operations arc to be performed as 

apidly aa possible, as there is danger of the solution 

if ammonia losing strength if allowed to stand ex- 

jed to the air. In order to preserve the solution 

mn the carbonic acid in tlie air, it must be kept in 
I bottle provided with a tube containing a mixtui-e 

E ignited sodium sulphate and lime. This solution 
) apt to lose ammonia in very small quantity when 
om"ed from the bottle into the burette, and the ar- 




rangement shown in Fig. 25 is preferable when using 
it. The bottle and burette should both be provided 
with tubes for absorb- 
ing CO,. 

INDICATORS. 

Indicators are sub- 
stances added to show 
when the reaction is 
completed. In analy- 
sis by saturation, it is 
necessary to add a so- 
lution of some color- 
ing matter which ia 
changed in color by an 
excess of the titrating 
fluid. Litmus is mostly 
employed, and, in spite 
of the many objections 
that have been made to 
it, and the infinite num- 
ber of substitutes pro- 
posed, still remains in 
general use. 

LUthus. 

y/^ Sutton gives the fol- 
lowing directions for 
the preparation of lit- 
mus solution : 
''Boil the litmus, previously reduced to eoarso 
powder, two or three times with alcohol of about 80 
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per cent, and throw the liquid so obtained away. 
(This treatment removes some coloring matter which 
is a hindrance to the proper reaction.) Then digest 
the litmus repeatedly with cold distilled water till 
all soluble color is extracted, let the mixed wash- 
ings settle clear, decant and add to them a few drops 
f coucentrated sulphuric acid until quite red, then 
heat to laoiling ; this wUl decompose the alkaline 
carbonates and convert them into sulphates. Now 
■cautiously add baryta water untU. the color is 
-restored to blue or violet, let the baric sulphate 
settle perfectly, and decant into a proper vessel for 
ise." 

Solution of litmus must be kept in an open bot- 
le. If the bottle is stoppered, the solution gradually 
OSes color. Upon again exposing to the air, how- 
ever, the color is entirely restored. A single drop 
i>f dilute acid should change the color of a large 
luantity of sucli a solution to a deep red. With car- 
Kinic acid litmus is slightly reddened, and it is for 
iiis reason difficult to say, lu a sohition containing 
sarbonic acid, whether other free acid is present, 
inless the carbonic acid be first expelled by boiling. 
3oracic acid behaves like carbonic. 



Cochineal Solution 

: frequently used in acidimetry and alkalimetry, 
id possesses the advantage that carbonic acid 
Fects it less than litmus. About 3 gms. cochineal 
■e digested in a mixture of 40 c. c. alcohol and 160 
c. water. 
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THK ANALYTICAL PROCESS. 



If tin ucid is to be estimated, a portiou is weigh* 
or uiyaBiirL'd into a beaker, diluted witli water, 
Niifiluit'iit litmuB added to color it strongly 
Htandard sodium, ])otaasinni, or ammonium hydi 
in then run in from a burette until the color c " 
lltmuH cimtiges to blue. The change of color in tli 
case la very sharp, and the exact point is easy I 
hit. 

If an alkali is to be estimated, we proceed in ) 
Hamn way, using standard acid (either oxalic, i 
jphuric, nitric, or hydrochloric, as may be most t 
proprlate) instead of standard alkali as the titrati 
iluid. When the alkali contains carbonates, i 
generally the case, the carbonic acid is liberate 
and colors the litmus pale red. The following mo* 
iilcation of the process then becomes necessary 
Add standard acid from the burette until the j 
red color makes its appearance. Then cover 1 
beaker with a watch-glass, and heat to boiling ( 
the lamp. The carbonic acid is in this way de< 
posed, carbon dioxide is driven off, and the lite 
again becomes blue. Now add acid iintil the } 
color reappears, heat again to boiling, and rep 
this until the red color is changed to bine 1 
Iroiling the solution. When this point is i 
the titration is completed. A more rapid ; 
equally exact method is to add an excess of s 
the first place, then boil the solution until all i 
bonic acid is driven off, and then run in standi 
alkali from another burette until the blue 
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makes its appearantie. The end of the reaction by 
this method is very sharply shown. 

Where carbonates are present, cochineal is a bet- 
ter indicator than litmus, since it is only slightly 
affected by the liberated carbonic acid. Normal 
acid is added to the alkaline solution, containing a 
few drops of cochineal solution, until the color 
changes to yellow. After boiling off the carbonic 
acid, but two or tliree drops more acid are re- 
quired to restore the yellow color and complete the 
reaction. 

Titrations with litmus as indicator may be con- 
ducted at night by the light of the monochi-omatic 
flame produced hy heating a platinum wire or piece 
of asbestos dipped in a solution of sodium chloride 
in the colorless flame of a Bunsen lamp. The 
change of color in the litmus is easily seen and 
sharply defined. Tlie red solution, under these cir- 
cnmstances, appears entirely colorless, wlple the blue 
solution is black and opaque. Strongly colored 
acid or alkaline fluids may be titrated with litmus 
by the monochromatic flame with greater exactness 
than by daylight.* 

Sodium carbonate and oxalic acid are used as the 
basis of analysis by saturation, since it is easy, by 
using pure reagents and careful weighing, to obtain 
solutions which are exactly normal. The other so- 
lutions are then compared with these by the method 
given above. Other methods of checking the ac- 
■ ifforacy of the standard solutions will suggest them- 
Ijelves, and may be applied when great accuracy is 
B^iraljle. 

H • h. D. Henry, C^traptea Reudus, Tfi, 222. 
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KIEFFER a METHOD.* 



For the JSstimation of the Free Acid in Preset 
of Metallic Salts. 

Ill the presence of many salts of the heavy mets 
copper, iron, zinc, etc., it is impossible to esti 
the amount of free acid present by the ordira 
method, because the metallic salt itself colors \ 
mils red, and the blue color is not produced nntil | 
metal is completely throwndovFH. Foi-deten 
free acid in presence of these salts, Kieffer uses I 
(immoniacal solution of copper sulphate, prepi 
by dissolving a quantity of copper sulphate in ■» 
and adding ammonia imtil the precipitate at i 
formed is nearly, but not completely, redisBolwj 
The solution Is then filtered and diluted to : 
proper strength. Its strength is determined as i 
lows : A measured volume of normal acid (not 4 
alic) ia measured out and the ammonlacal cora 
solution run in nntil tlie acid is saturated, wbeaf 
fluid becomes turbid by the separation of a g 
ish precipitate, supposed to be a basic copper f 
phate, which serves as the indicator. 

This method does not answer in presence of ( 
of aluminum, or of ferric, chromic, or mangi 
salts. If copper nitrate be used in making the s 
tion, instead of copper sulphate, salts of bari^ 
strontium, and lead may be present. The metbw 
sufficiently accurate for technical purposes, bufi 
not exact enough for work requiring great acou 

• Liebijj'a Anualen, 93, 386. 
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Large quantities of ammoniacal salts are objection- 
able, as they dissolve the precipitate of copper sub- 
fiiilphate formed at the end of the process. The 
solution alters in strength slowly, and mnst be re- 
Btandardized before each series of determinations. 



PETTENKOFER S METHOD.* 

Pettenkofei* uses a method for the estimation of 
carbonic acid which is equally applicable to other 
acids, and the results obtained are remarkably sharp. 
Solution of barium hydrate is the saturating agent 
used, and for estimating an excess of this ^V oxalic 
or hydrochloric acid. The indicator is turmeric 
paper, which shows the smallest excess of barium 
hydrate. 

Solution of barium hydrate is prepared from 
the crystallized hydrate, or by heating barium ni- 
trate to redness, and dissolving the resulting oxide 
in water. The solution should be nearly saturated, 
but not so strong as to deposit crystals when ex- 
posed to low temperatures. It must be free from 
potassium or sodium hydrate, and sho^ild be kept in 
the bottle (Pig. 94), to preserve it from the carbonic 
acid contained in the air, which would precipitate 
the barinm as carbonate. 

The solution is measured by means of a pipette 
(Pig. 26) provided with a tube containing soda, lime, 
or fragments of the ignited mixture of lime and 
sodium sulphate. This prevents the carbonic acid 



• Jonr. rar Pnb. Cliemie. 82, S 
Oolllieb, 76. 107. 488. 
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of the breath fi-om coming in contact with the 3d] 
tion. 

DecinoTtnal Add. — This is preferably oxalic a 
but hydrochloric also answers and keeps better t 
the former, which is especially liable to decorapi 
tion if a tmee of ferric oxide be present (MoS 
"When oxalic acid is employed, a precipitate \ 
barium oxalate is produced on adding it to the a 
tion of bavinm hydrate, biit this does not in 
fere in the least with the working of the i 
cess. 

Turmeric Paper. — Pieces of turmeric i 
J digested in alcohol and the solution filte 
' Pieces of white filtering paper are soaket 
the alcoholic extract, diied in a dark pla 
and kept in a stoppered bottle or between i 
leaves of a book. Acids have no effect ug 
this paper, but solutions containing hydj 
of the alkaline or alkaline-earth metals c 
it brownish red. 

The Analysis. — The strength of the bari^ 
hydrate solution is first found by corapaj 
with the decinornaal acid. For this pa 
10 c. c, are taken ont by means of the pijl 
ria.!flj. {Fig. 26), and ^"V acid slowly run in from I 
burette. From time to time, a small drop is 1 
out with the point of a glass rod, and the tu 
paper touched with it. As long as the slight* 
cess of barium hydrate is present, a reddish bri 
spot is produced, but when the last trace of "ban 
hydrate is saturated, the color remains unchi 
The end of the reaction is very sharply slitW 
Wlien the amount of acid in a solution is to | 
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itimated, a volume of barium hydrate in excess ' 
added from the pipette, and the excess measured 
by titration with ,\ acid. The process is especially 
nBeful for the detenuination of carbonic acid, and 
for testing daj-k-colored vinegars, etc., where, on 
lecoimt of the color, litmus cannot be used. 

ESTIMATION" OF THE ACID IN NEUTRAL SALTS.* 

The metallic base of the salt in which the acid is 
o be estimated, must be capable of being completely 
jrecipitated from solution by means of alkaline hy- 
Lrate or carbonate. 

The solution ia treated with an excess of normal 

lodium hydrate or carbonate, and boiled, if neces- 

y, to precipitate the metallic oxide, then filtered 

cd washed, and the excess of alkali in the tiltrate 

tetermined by means of litmus and normal acid. 

, A more rapid but slightly less accurate method 

B to precipitate as above, pour the solution and 

irecipitate into the same measuring flask, allow the 

jrecipitate to settle completely, and take out a por- 

ion of the supeniataut liquid for titration with 

^ pipette. The acid in the following compounds 

jnay be thus estimated ; 

Salts of barium, calcium, aluminum, magnesium, 
, iron, and manganese, by boiling with normal 
lodiam carbonate. 

Salts of bismuth, nickel, cobalt, and lead, in the 
same way, but they must be boiled for at least half 
an hoar. 
Salts of magnesium, copper, silver, iron, mercury, 

• Liebig'B Annalea, 117, S30. 
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and chromium, by boiling with sodium hjn 
Wolcott Gibbs * has announced another method I 
this estimation, which depends upon the precip 
tion of the metal hy means of sulphydric acid in I 
boiling solution, filtering from the precipitated s 
phide, and determining the acid in the Jiltrate "by 
normal alkali. The estimation of course can only 
be made in those salta wliose base is completely 
precipitated from boiling solution by sulphydric 
acid. 

In the case of nitrates or chlorides, where the free 
acid tends to re-dissolve the precipitated sulphide 
or to act on the sulphydric acid, Gibbs adds a 
tolerable quantity of sodium, or potassium tartrate, 
or Rochelle salt, which obviates all difficulty. 

The chief objection to this method is the employ- 
ment of the offensive sulphydric acid, which should 
be avoided whenever it is possible. 

Bohlig t has proposed a method for the estima^ 
tion of alkaline sulphates, based upon the decompo- 
sition of barium carbonate in presence of an alka- 
line sulphate and free carbonic acid, into barium 
sulphate— an alkaline carbonate being at tlie same 
time formed. By the reverse process, barium com- 
pounds are precipitated as carbonates, and then 
decomposed by solution of potassium sulphate in 
presence of free carbonic acid. 

Chlorides, bromides, and iodides of the alkaline 
metals are determined by shaking them with an ex- 
cess of silver carbonate, which removes the chlorine, 

• Chein. Nawa, ivii. 151 ; Billiman'B Journal (11,), 44, 307 ; Froa. 
ZeitscUrifi, 7,94. 

f Fres. Zpitscbiift, 1870. BIO. 



bromine, or iodine completely, and leares the alka- 
line metal in solution aa carbonate. For particu- 
s the stndeut is referred to the original article, 
Arch. Pharm. 3, cxiv. 113, or to a summary of the 
, which will be found in the Journal of the 
jliemieal Society, 1871, p. 436 ; S(;e also Arch. 
?harra. [3] iii. 122 ; Jour. Chem. Soc, 1874, 815. 

Jean* proposes a similar method for the determi- 

lation of sulphuric acid in alkaline sulphates. The 

ilphuric acid is precipitated by an excess of baryta 

"ater, the excess of baryta precipitated by Seltzer 

the precipitate separated by decantation, 

Joiled, and filtered with the first precipitate. The 

ftlkali is then determined in the filtrate, and repre- 

Bents that combined with the sulphuric acid. 



OXIDATION OR REDUCTION. 
SoLtiTioifs Used— Potassium Permanganate. 

Dednormal Solution = 3163 gntit. KMdOi per litre. 

The salt of conimei-ce may be used for making the 
olution. It is best kept in a dark place or in cov- 
bottles. Preserved in this way, it alters very 
ttle in strength. After determining the strength 
dUuting until exactly tenth normal, it may be 
ilsed for several months without a fresh determina- 
ion being made. 

CompteB Rendua, lisxiii. 973 ; Joiir. Chem, Boc, Vol. 1, 1877, 73& 
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Potaasium permanganate in solution, m contact 
with a substance capable of being oxidized and an 
acid — sulphuric, for example — is decomposed as 
represented in the following equation : 

2KMnO, + 3H,S0. = K,SO. + 2 (MnSO.) + 5.0. 
The manganese sulphate formed is colorless in di- 
lute solution, and consequently" the fluid to which 
the potassium permanganate is added remains col- 
orless until the body present is completely oxi- 
dized, when the next drop of permanganate will 
color the fluid and show the reaction to be com- 
pleted. This reaction ia extremely sharp, and gives 
excellent results. 
Determination of the strength — 

1. By metallic iron. 
The iron used for this pur- 
pose must be in the form of 
the finest iron wire. It must 
leave no residue whatever when 
dissolved in acid, and the solu- 
tion of iron must be entirely 
free from small black particles. 
These consist of carbon con- 
tained in the iron, and are oxi- 
dized by tile permanganate if 
present, causing a considerable 
i error.* A piece of iion wire 
f weighing about -2 gms. is 
placed in a llask provided with 
a cork and valve like Pig. 37. 
The BmaU thick walled rubber tube has a short 





OXIDATION (Hi IIEDI'CTION. 

slit made lengthwiao through one of the walla and ' 
the upper end closed hy a piece of glasa rod. This 
valve opens by pressure from within, hut closes by 
pressure from without. Dilute sulphuric acid is 
added, and the flask heated over the lamp until 
the iron wire is dissolved. Allow it to cool perfectly, 
add fresh, cold distilled water untU the flask is half 
filled, and run in permanganate from the burette, 
witli constant shaking of the Hask until the liquid 
has a faint pink color. It is advisable to add only 
just sufficient excess of permanganate to the liquid 
to make the color visible. The action of the per- 
manganate upon the iron may be thus represented : I 

10FeSO. + 2KMnO.+8H,SO, ^ BFe,(SO.). + K,SO, + 
3MnSO. + 8H,p. 

Instead of the flask Fig. 27, one arranged as in 
Fig. 28 may be used, and 3 
for many reasons to be pre- 
ferred. While the iron is 
dissolving in the flask, a cur- 
rent of hydrogen (not illumi- 
nating gas) is passed through 
it, entering by a and passing 
out by h. This armngement 
affords greater security against oxidation, and haa 
other advantages, the chief of wMch is that 
there is no danger of breaking the flask con- 
taining the iron solution. This not unfrequently 
haj)pens where the flask with valve is iised : the 
steam generated by heating forcing out the air, and 
this subsequently condensing produces a vacuum. 





VOLUMETBIC ANALYSIS. 

If the sides of tlie flask are thin, the inward presso! 
crushes them, causing total loss of the analysia. 

2. With oxalic acid.* 
About 3 gms. crystallized piu-e oxalic acid i 

dissolved in distilled water, dilute sulphuric ad 

added, the solution heated to 60° or 80°, and per- 
mangauate run in from the burette. The color of 
the permanganate disappears more slowly than 
with tlie solution of iron, and it must be added 
slowly and the solution stirred continiially. When 
the titration is performed carefully and the oxalic 
acid pure, the method is an excellent one for stand- 
ardizing. 

The action of permanganate upon oxalic acid is 
as follows : 

5H,C,0, + SKMnO, + 3H,S0. = 8H,0 + lOCO, + K,SO, 
4-2MnSO.. 

Ammoniom oxalate (NH,), C,0, + 11,0 may also 
be used to estimate the sti'ength of the permanganate. 
It is more easily obtained pure than oxalic acid. 

3. With ferrous ammonium sulphate. 

About 1 gm. ferrous ammonium sulphate, pre- 
pared as described page 51, is dissolved in water, 
dilate HjSO, and water added, and permanganate 
run in with constant stirring until the solution re- 
mains permanently faintly colored. 

These three methods are almost equally good, and 
either or all may be used. When preparing per- 
manganate solution, it is well to make it in large 
quantities, and to determine its strength by two of 

* For iQBtLodH of purir^injr oxalic add. In addition to tlie one given 
under Normal Oxalic Acid, Heo i'tta. ZeitBctidft, 13, 49. 
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the methods here given. The solution, if preserved 
from the light, may be uaed without fear of having 
changed in strength for at least three months, when 
it may be tested again. 

The oxalic acid or ammonium oxalate, and ferrous 
ammonium sulphate, if carefully prepared, may be 
-considered pure, and the strength calculated on that 
tasis. The iron wire, however, always contains im- 
jnrities, which in the best very thin iron wire are 
nearly constant in amount. The wire may be 
assumed without sensible error to contain Q9-7 % 
Jure iron, and the following proportion gives in any 
ease by a slight calculation the amount of pare iron 
in a given piece of wire taken : 

100 : 99-7 : : weight of wire taken : x. 
One c.c, decinormal solution of permanganate 
Uihonld oxidize 

0056 gms. Fe. 

.0063 " H,CA> oi- ■0071gms.(NH,),CA + H,0. 

■0392 " ferrous ammonium sulphate. 

Potassium Bichromate. 

Decioormal Solution = 4-S30S gme. K,CrsO, pat litre. 

This salt maybe obtained in large crystals, which 
are nearly pure. Tliey may be purified from potas- 
iinm sulphate, which they sometimes contain, by 
recrystallization. Tlie salt contains no water of 
srystallization, and may be fused without decom- 
tosition. About D gms. of the finely-powdered 
Bait 13 placed in a platinum crucible heated nearly 
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to fusion, allowed to cool under the desiccator, 
exactly 4-9205 gras. weighed out, dissolved in wa1 
and diluted to a litre. 

The use of this salt as an oxidizing agent depends 
upon the following reaction in presence of au oxidi- 
zable substance and free acid. 



IC^I 



K,Cr,0, + 4H,S0, = K,SO. + Cr,(SO,)> +4H,0 + 3( 



The strength of the solution is best determined 
by means of metallic iron in the form of wire, which 
in this case may be dissolved in either sulphuric 
or hydrochloric acid. Unfortunately with bichro- 
mate, the end of a reaction cannot be determined by 
means of the permanent yellow coloration of the 
solution, since the chromium sulphate formed is of 
a green color. Recourse must, therefore, he had to 
an indicator, and potassium ferricyanide is used 
where we are titrating against ferrous salts, as is 
usually the case. When a drop of solution contain- 
ing a ferrous salt is broughtin contact with a drop of 
potassium ferricyanide solution, a deep blue color is 
obtained. As soon as the ferrous salt is completely 
oxidized, by addition of bichromate, to the ferric 
state, a drop brought in contact with a drop of ferri- 
cyanide no longer produces the blue color, but only 
a faint brownish tint. 

The biclu-omate solution is standardized as follows : 
About 2 gms. iron wu-e is dissolved in sulphuric 
or hydrochloric acid in one of the flasks (Figs 27 or 
28), water added, and bichromate run in gradually 
from the burette. From time to time a drop of the 
solution, which gradually assumes a greenish tiat, 
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is taken oat by means of a glass rod, dropped on a 
porcelain plate, and a drop of potassium ferricy- 
anide brought in contact with it. As tht; iron is 
oxidized, the drops taken ont are leas strongly 
colored by addition of the fenicyanide, until at hiat 
only a faint brownish color is produced. Tlie reac- 
tion is then finished. With very little practice, it 
becomes easy to hit this point exactly, and the re- 
sults are very sharp and exact. The amount of fluid 
taken out is so small tliat it exercises no appreci- 
able influence on the results. One c-c. of bichro- 
mate solution should be equal to -0056 gms. iron, 
or -0393 gms. ferrous ammonium sulphate. 

Potassium bichi'omate is generally used in con- 
nection with a fen'ous salt ; either iron wire dis- 
solved in hydrochloric or sulphuric acid, or a solu- ■ 
tion of ferrous ammonium sulphate. An excess of 
the ferrous salt is added to a substance capable of 
oxidizing the iron to the ferric state, and the excess 
of ferrous salt determined by bichromate. Its fre- 
quent use is due to the fact that it may be used in 
presence of hydrocldoric acid, which is not the case 
with permanganate. 

Ferhous Ammonium SutrirATE. 1 

Deolnonnal Solatlon = 39-2 gmv. Fe(NH,),(SO.), + 6H,0 per litre. 

One atom ferrous sulpiiate (FcSO, + 7H,0 = 378 
parts) and 1 atom ammonium sulphate ( (NH,),SO, 
= 133 parts) are dissolved in the smallest pos- 
sible quantities of hot water, filtered if neces- 
sary, and the solutions mixed and allowed to cool 
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with constant stirring. A fine greenish-white crysf 
talline precipitate results, which is ferrous ammo' 
nium sulphate Fe(NH.),(SO,), + 6H,0. This 
placed on a filter, the mother liquor sucked off 1 
means of the Bunsen filter pump, and then press* 
between filter paper, and allowed to dry in the ai( 
After the salt is perfectly dry, 39-2gms. are weighed 
out, dissolved in water whiefl 
has heen boiled and allowei 
to cool in a closed flask, 10 cqi 
pure concentrated salphu; 
acid added, and the solution 
diluted to a litre with boilaj 
distilled water. The remained 
of the salt may be preserrdi 
in a wide-mouthed stoppers 
, bottle, and keeps indefinitely 
IE the solution is allowed i 
stand in contact with the i 
it absorbs oxygen slowly, ai^ 
it must therefore be kept j 
the bottle. Fig. 20. A layer 
petroleum, half an inch thiol 
is poured upon the surface 1 
the liquid, and prevents i 
""' ™' action of the oxygen of the a 

upon it. Preserved in this way, the solution keefl 
without alteration. The strength of the solutidl 
may be determined by taking about -2 gms. pnj 
potassium bichromate, heating nearly to fusion, i 
then allowing to cool under the desiccator, 
exact weiglit is now found ; the salt dissolved i 
water, hydrochloric or sulphuric acid added, i 
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^Ktbe ferrous solution run in from a burette until a 
drop taken out strikes a faint blue color with potas- 
sium ferricyanide. One c. c. of the ferrous aranio- 
!iiium sulphate Bolution should be equal to ■ 00492 
gms. K,Cr,0,. 

Iodine Solution. | 

Decinormal SoIuUoq = 13'08SginH, I per litro. 

The iodine for making this solution should be 
Jjurified by mixing witli a small portion of potassium 
iodide, and subliming. The subHmation may be 
performed between two watch-glasses. The iodine 
rises in vapor, and condenses perfectly pure upon the 
apper glass. It is dried in tlie desiccator and 12 ■ 685 
gms. are then weighed into the litre Hask. Since 
Iodine is only slightly soluble in water, we must add 
ftbout 18 gms. pure potassium iodide in order to dis- 
solve it. The solution is made up to a litre, care- 
fully shaken to insure uniformity, and preserved in 
nnall bottles with glass stoppers carefully ground, 
he potassium iodide used must be free from iodate. 
To make sure of this, dissolve a small quantity in 
water, and tlien add some hydrocliloric acid and a 
little starch solution. A blue color indicates the 
presence of iodate. This may be removed, if present, 
Toy heating to redness, when oxygen is evolved, and 
the iodate reduced to iodide. 

A centinormal solution Is frequently used, and 
may be made by diluting 100 c. c. decinormal solution 
to a litre. 

Iodine acts as an oxidizing agent in many cases 
by acting upon water to form livdriodic acid, and 
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setting free oxygen wliich combines with the 
able substance. For example : 

As.O, + 2H,0 + 41 = As,0. + 4HI. 

Sometimes it acts as an oxidizing agent only hy 
extracting hydrogen, as for example : 

H,S + 21 = SHI + S. 

In either case it is easy to tell when the reaction 
is complete by adding a little starch solution to tl3 
Huid, which is turned blue as soon as the change i 
eifected, and a slight excess of free iodine present. 

Standardizing the Solution. — The solution i 
be standardized in two ways : 

1. By sodium thiosulphate. 
About -8 gms. of the pure crystallized salt ia c 

solved in water, and a few drops of the starch &ola 
tion added. The iodine solution is then run in &oil| 
the bm-ette. Each drop forms a blue spot as ! 
touches the fluid, but this disappears, at first rapidly 
then, as the end of the reaction approaches, more aii^ 
more slowly; and Anally the whole fluid is of a li 
blue color. Only a very small excess of iodine id 
necessary to color the liquid strongly. The reaction 
between the iodine and thiosulphate is as follows : 

2Na,S,0, + 21 = Na,S.O. + SNal. 

Sodium tetrathionate and iodide are the products. 
One c. c. of the iodine solution should oxidize i 
■024808 gms. sodium thiosulphate. 

2. By arsenious acid. 
About -2 gras. pure pulverized arsenic trioxide iij 

dissolved with the aid of heat in a solution of aq 
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monium carbonate, and a few drops of solution of 
starch added. The iodine is run in from a burette 
until the blue tint is produced. The reaction is the 
same as before given. One c. c. iodine should ^ 
-00495 As,0,. 

Starch Solution. — A small quantity of starch is 
rubbed in a mortar with a little cold water until an 
emulsion is produced ; it is then poured into about 
100 times its volume of boiling water. The solu- 
tion is allowed to stand until the Uuid becomes 
clear and undissolved particles subside. The fluid is 
then poured off and completely saturated with pure 
common salt, filtered, and preserved in small stop- 
pered bottles filled completely.* Such a solution 
keeps well and is always ready for use. Starch , 
solution is used to indicate the presence of free I 
iodine in a solution ; the merest trace imparting a , 
deep blue color to the liquid. The blue color dis- 
appears at a tempei-ature of 80°, but again appears 
on cooling. 

Sodium Thiosulphate. 

Dednonnal Solution = 24.808C gms. NboS,0, -i- 5H,0 per litre. 

This salt may be obtained in commerce sufficiently 
pure for use. It may be purified by recrystalliza- 
tioii, if thought desirable. The crystals are dried 
between filtering paper, 24-8086 gms. weighed out, 
dissolved in water, and diluted to a litre. The 
solution does not keep well, and gradually decom- 
poses with evolution of H.,S and deposition of S, 

* According ta Molir, starch solution mny be preserved JDdefinitely 
V adding e. little salicjlic acid tu tLe aolutiua. Bee Frua. Zsitscliiift, 
14,79. 
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According to Mohr, an addition of ammonium cam 
bonate (the ordinary commercial carbonate of anfl 
monia), to the extent of 2 gms. per litre, entireW 
prevents this decomposition, and does not interfen 
with the application of the solution. It is conve™ 
ent to have, also, a centinormal solution, which mam 
be made by diluting 100 c.c. decinonual solution m 
a litre, J 

When one of the higher oxides, manganese dion 
ide, for example, is ti-eated with potassium iodlM 
and hydrocliloric acid, the following reaction takefl 
place ; ] 

MnO, + 4HC1 + 2 KI == MnCI, + 2H,0 + 2KC1 + 31. 1 

The iodine which is set free dissolves in the exceu 
of potassium iodide. The free iodine can now !■ 
eatimated by adding, iirat, starch solution, whim 
produces the deep blue color, and then decinomi&l 
sodium thioBulphate, until the blue color disaM 
pears : the reaction being as follows : 1 

2Na,S,0. -H 21 = SNal + Na,S.O.. I 

When, as is often the case, heat must be appliew 
to assist the action of tlie acid and potassium iodi^ 
upon the oxide to be determined, the three substanoajfl 
are placed in the bottle shown in Pig. 30. The stoppen 
of this bottle must be ground very accurately, atbfl 
this may be tested by closing it and immersing in 
warm water, when, if the stopper is not tight, sm^H 
babbles of air escape around it. The bottles wM<i9 
are made for use in the sUver assay by the wJ 
method answer admirably for this i)urpose, ThM 
bottle with its contents is placed in its frame, ana 
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the screws tnrned until the stopper is securely held 
in place. The bottle is then immersed in water, 
which is brought to a boil, and, after the reaction is 
completed, removed, and the contents titrated with 
thiosulphate. 

In many cases it is better to distil the oxide with 
hydrochloric acid, which sets chlorine free, in an 




■ omonnt proportional to the oxide present. The 
chlorine is conducted into a solution of potassium 
iodide, which absorbs it, liberating iodine which 
dissolves in the excess of potassium iodide, and 

I is estimated by thiosulpliate. 

The best form of apparatus for this distillation is 
shown in Fig. 31 ; a contains the substance to be 



analyzed and hydrocliloric acid. It is connected wifl 
the U tube, which contains the potassium iodide, 1 
means of a piece of rubber tubing, which has bet 
boiled in potassium liydrate to free it from sulphu 
The bulbs on the U tube are intended to prevent t' 
contents from being ejected or suclied back into the 
flask. After the oxide is completely decomposed 
and chlorine ceases to come off, the apparatus is 
disconnected, the contents of the U tube washed 
into a flask or beaker, a little fresh potassium 
iodide introduced, and the apparatus again put to- 
gether, and the distillation continued for a few min- 
utes. This second distillation is carried ou only long 
enough to make sure that the chlorine ia aU given 
off. If the potassium iodide used in this second 
distillation becomes at all colored from separation 
of iodine, it is added to the liret portion, and the 
whole titrated with starch and deciuormal thiosul- 



STATJDARDIZING THE STRENGTH OF THE DEOI- 
NOEMAt SODIUM THIO SULPHATE. 

1. With Iodine.— V-axe iodine, prepared by sab 
limation in the manner described on page 53, f 
dried under the desiccator, and about -4 gm 
weighed out and dissolved in a little potassiix 
iodide and water. A few drops of starch soIatiM 
are added, and tlien sodium thiosulphate run j 
until the blue color is discharged. -1 c, c. thiosxij 
phate should = -012685 I. 

2. Wit?i Potassium Bichromate. — ^About -2 g 
pure bichromate previously heated nearly to f aaun 
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to free it from hygroscopic moiBture, is weighed into 
the bottle (Fig. 30), dissolved in water, hydi-ochloric 
acid, and an excess of potassium iodide added, and 
the stopper inserted and fastened down. The bot- 
tle is then placed iji warm water until heated 
through, taken out and allowed to cool, and tho 
solution poured into a beaker, rinsed out, starch 
added, and titiuted with the thioaulphate solution. 
1 c.c. thiosulphate should = •(X)492 bichromate. 




Sodium Aksenite. 

Decinormal Solution = 4-93 gnia. AesO) per litr?. 

Dissolve 4-95 gms. of the purest sublimed arseni- ] 
ous oxide which does not contain sulphide, in about 
250 c.c. of distilled water in a flask, with about 25 
gms. of the purest sodium carbonate, free from sxxl- 
phide, sulphite or thiosulphate. The arsenions oxide 
must be in fine powder, and takes some time to dis- 
solve. It is best to heat and shake from time to time, 
to assist the solution. When all is dissolved, allow 
to cool, wash into tlie flask, and dilute to a litre. 
The arsenious oxide may be tested for sulphur by 
placing a little in a test tube and subliming. If the 
upper part of the sublimate have a yellow color, sul- 
phur is present, and the arsenious oxide unfit for 
the purpose. If the arsenic trioside and the sodium 
carbonate be pure, the solution keeps without any 
alteration in strength. 

The use of sodium arsenite depends upon the fol- 
lowing reaction of arsenious acid in alkaline solu- 
tion: 

As,0, + 0.= AsA- 
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Solution of sodium arseaite is used chiefly in I 
estimation of the active chlorine in bleaching po^ 
tier where tliiosulphate cannot be used. 

The strength is best estimated by taking 10 0.0.15 
the solution, adding a few drops of starch and thl 
■jTc iodine solution, until the blue color ap; 
1 c. c. ASjO, solution should = 1 c. c. -^ iodine. 






Stannous Chloeide. 

Decinorraal Solution = 5-9 gma. So or 9-45 gtaa. SnCI, per IitrA.,1 

The best metliijd of preparing this solution is 1 
dissolve about 6 gnis, pure granulated tin in strong ' 
pure hydrochloric acid. If one or two scraps of 
platinum foil be added to the hydrochloric acid, gal- 
vanic action occura ; the tin being rapidly dissolved 
without application of heat. If no platinum foil is 
added, the tin does not dissolve in the cold, and the 
solution must be boiled until the tin has disap- 
peared. 

The solution should be kept in the bottle Pig. 29. 
In order to preserve it against the oxidizing actioa i 
of the air, a thin layer of refined petroleum f 
poured upon the surface of the liquid. 

Its strength is best estimated against metaU 
iron. 

Dissolve about ■2gm3. iron wire in hydrochloril 
acid in a beaker covered with a watch glass, add i 
few crystals of potassium chlorate to oxidize I 
iron, and after washing off the watch glass, alloii 
the solution to evaporate almost to dryness, 
a little water, heat over the lamp, and add the sta 
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nous chloride from the burette until the red color of 
the iron salt has disappeared, and the Bolutlon la 
perfectly colorless. It is difficult here to avoid 
adding a slight excess of stannous chloride, and to 
ascertain what this excess amouiits to, we proceed 
as follows ; 

After stannous chloride has been added until the 
solution loses color, tlie beaker is immersed in cold 
water, and the solution rapidly cooled : starch solu- 
tion is then added and iodine solution run in from 
a burette until the color makes its appearance. 
We must now determine how much stannous chlo- 
ride the iodine added is equal to. To do this run 
10 c. c. of the stannous chloride into a beaker, add 
starch, and titrate with iodine until the blue color 
appears. If the solutions are both decinormal, 10 
c. c, of iodine wiU be required. 

Suppose, now, we have added 36 c. c, of stannous 
chloride to the iron solution, then starch, and -Sec. 
iodine before the blue color appears. By experi- 
ment we find 10 c.c. stannous chloride = 10-2 c.c. I; 
then 1 c.c. I will = -98 c.c. SnCL, and -5 c.c. I = -49 
c. c. SnCl, ; 36 c. e. — - 49 c. c. = 35 ■ 51 c. c. SnCl, are 
therefore = to the amount of iron wire taken. This 
weighed -2 gms., and without sensible error may be 
supposed to contain 99-7^ or -1994 gms. pure iron. 
Hence 

35-51 c.c. = -1994 gms. 

and 1 c. c. = 00561 gms. Fe. 

1 c. c. -rii solution should = -0056 Fe, and the aolu- 
I tion is hence a trifle too strong. 




PRECIPITATION". 

SOLUTIOHS USED. 

Very few of the solutions used under this heading 
are of wide application, and the methods of prepar- 
ing and standardizing them will be given nnder the 
substance for the estimation of which they are used. 

1. The reagent is added until a precipitate ceases 
to form. 

2. The reagent is added until a precipitate is pro- 
duced. 

3. The reagent is added until a precipitate already 
formed, redissolves. 

In the second and third cases it is easy to hit the 
precise point when the reaction is terminated, but 
in the first case the precipitate formed, which, re- 
mains suspended in the liquid, prevents the subse- 
quent precipitation from being seen. In this caso^, 
it becomes necessary eitlier to free the fluid, ot 
part of it, from the suspended precipitate, when, 
adding a small portion of the reagent, we can see" 
whether precipitation is complete, or, we must bring 
an indicator, which will show an excess of the pre- 
cipitant in contact with a drop of the sohition. 

The method adopted depends upon the circum- 
stances of the case. AVhere chlorine is estimated 
by means of silver nitrate, or conversely silver by 
sodium chloride, the precipitated silver chloride 
which is formed subsides rapidly if the solution 
containing it be violently agitated, and by adding a 
drop of the standard solution to the clear supema- 
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taut fluid, it is easy to see whether the precipitation 
is completed. There are very few precipitates, how- 
ever, which possess this property in a marked de- 
gree ; and in other cases it becomes necessary, by 
some special contrivance, to filter 
a small portion of the liquid, and 
add a drop of the reagent to the 
clear fluid thus obtained. Dr. 
Beales's filtering tube has the form 
ahowu in Pig. 32. It consists of a 
piece of tnbing the width of an 
ordinary test-tube, and having a 
filter fastened over the lower end. 
The filter is made by laying a 
piece of linen over the opening, then a piece 
of filtering paper, and lastly, a piece of linen 
over thia, and tying the three tightly by a 
waxed thread. On placing this filtering tube 
in a turbid liquid, the fluid rises through the 
filter perfectly clear, and a portion may then 
"be poured off from tlie side tube and tested. 
Thia tube is very objectionable in practice, 
since it is liable to clog quickly, cannot be 
■washed ont with ease, and is apt to break. 
For these reasons the tube shown in Fig. 33 
is much to be preferred. It is made of a 
piece of glass tubing about 6 millimetres in 
diameter. This is drawn to a point, and a 
email plug of asbestos inserted. The tube is 
then drawn out over this, and the part of the ^°' ^ 
tube containing the asbestos then heated strongly in 
a glass-blower's lamp so as to soften the glass and 
cause the asbestos to adhere to it. To use the filter- 
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ing pipette, place the point in the tnrbid fluid and 
apply suction with the mouth. This causes the fluid 
to rise into the tube, and by passing through the 
asbestos all solid particles are removed. Upon 
blowing into the tube, the liquid is now forced out, 
and, after the first few drops, the fluid falling from 
the point is perfectly clear, and suitable for testing. 
For this purpose it is received in a small test tube 
about 8 mm. in diameter, and 4 centimetres long, 
and a drop of the reagent added. The filtering 
pipette is easy to make and to clean, and is always 
ready for use. 



PART II. 



Potassium Hydrate. 

The amount of potassium oxide in a solution of 
kfhe pare substance may be found by taking tbe 
peciHc gravity. Comparison of this with the figures 
I the following table gives the percentage in K,0, 
Fand from this the percentage of KOH may be ob- 
' tained by the following proportion, 47-137; 56-137: : 
[%K,0:% KOH. 

TABLE.* 

Shomng the amount of KtO in, Potasia Lye of different /rpecifie 
gramtiea. Temp. IT-S". 
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• HoCnjBn, Sohaedler, Tabellen fllr Chemiker, p. 1 
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Metfiod of Saturation. 

"Weigh out 10 gms. of the hydrate, dissolve in 
water in the hali litre flask and fill the flask to the 
mark, shake thoroughly and allow any sediment to 
subside. Take out 50 c. e. with a pipette, add litmus 
and run in normal acid until tlie blue color changes 
to red.* 

When Carbonic Acid is present. 

Dissolve in water as above, heat to boiling, add 
sufficient barium chloride to precipitate all tlie car- 
bonic acid, allow to cool, dilute to 500 c. c, allow 
the barium carbonate to subside, take oat 60 c. c. and 
titrate as above. When the sample contains a lai^ 
amount of carbonic acid, the volume of the precipi- 
tate being neglected causes a considerable error, i 

* For the estimation of nlkalleB Stollm (Frea. Zeit. 11, 180) a. 
decinormal eoluiiun al Hodiiiiu Bilicofluodde contidnuig4'7gn)s. p«r 
litro (compaca p. T6). 




tn such cases it is better to take a smaller portion 
of the hydrate, say 1 gm., for analysis, dissolve in 
ater in a ttask, heat to boiling, add the bai-ium 
Chloride in excess, allow the precipitate to settle, 
decant the fluid on a filter, fill the llask with 
rater and wash the precipitate by decantation twice 
<T three times : then bring the precipitate on the fil- 
ter and wash rapidly until the washings no longer 
n red litmus paper blue. The filtrate is then 
titrated with normal acid iu the usual way. The fil- 
tion must be performed rapidly or carbonic acid 
will be absorbed from the air, 

e. c. normal acid x -039137 = K 
" " " X -047137= K,0 

" " " X -056137= KOH 



Calc7ilaUoii. 

Bnppose 9-9433 gms. potassium hydrate were 
taken for analysis, dissolved in 500 c. c. water, and 
c. c. taken out for titration, -Ifi-S c.c. normal acid 
Were retjuired. The 50 c. r. taken for titration con- 
ained -99432 gms. potassium hydrate or -^ the 
nount weighed out. For saturation this took 16-2 
normal acid, which x by -056137= 8532824 
EOH or 90-48^. 

Potassium Carbonate. 

The strength of solutions of the pure salt may be 
!ound by taking the specific gi'avity and comparing 
with the following table : 
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TABLE. 

lumoau. Si'hiieaier. TsbeUeu fDr ChEinlker, p. IIS, 

tmoxiiit iif Drg Pota4Hum Carbonate in xAiitiong at 15" 
nccording to T9,nnermaaa. 
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By Saturation. 

Dissolve about 10 gms. of the sample in water, 
pour into the half litre flask, and allow to settle ; 
fill to the mark with water, take out 60 c. c. of the 
clear fluid with the pipette, add litmus, and mn in 
normal acid nntU the color becomes reddish ; the 
fluid is then boiled for a few seconds, and if the lit- 
mus becomes blue again, acid added until the red 
color appears. This process is repeated until boiling 
ceases to restore the blue color. Cochineal is in this 
case preferable to litmus as an indicator. Or the 
following method may be used : 

Add at once a quantity of normal acid more than 
sufficient to saturate the potassium present ; boil 




the Bolution to drive off cai'bonic aoid, and th^n nin 
in normal alkali until the blue color makes its ap- 
pearance. The number of c. c. of acid uaed ~ tlie 
mimber of c, c, of normal alkali = the number of c. c. 
of acid necessary for saturation. 

When it is desired to ascertain the total a,Tnount 
of potassium in a mixture ofhydrateand carbonate, 
the analysis is to be performed exactly as though 
carbonate only were present. 

c. c. normal acid x ■ 039137 = K 
" " " X 056137 =KOH 
" " " X -069137 = K,CO, 

Potassium Chloride. 

The weighed substance containing no other chlor- 
ide is brought into solution, and the chlorine esti- 
mated by ^ BLlver nitrate. (See Chlorine.) 

C.C. TTT silver solution x -0039137 = K 
" " " " X -005f!137 = KOH. 

" " " " X -0074594 ^ KCl 

" " " " X -0069137 = K,CO, 

All compounds of potassium may be converted 
into the chloride, and esthuated as above, either 

, By evaporation to hard dryness with hydro- 
chloric acid, or 

2. By precipitation as double chloride of plati- 
num and potassium {KCl),PtCl„ and then converted 
into the chloride by ignition with twice the weight 
of sodiam oxalate. 

The platinum is reduced to the metallic state, its 
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cWorine combining witb the sodium of the sodium ox- 
jilate. The excess of oxalate is converted into carbo- 
nate by the ignition. The mass is dissolved In water, 
filtered, neutralized with acetic acid, and the chlorine 
determined with f^ silver solution.* The result here 
obtained must be divided by 3, since (KCl),PfcCI„ 
ignition with the oxalate, gives 2KC1 + 4NaCl 1 
Pt. Small quantities of pote,8sium sulphate may t 
converted into cliloride by heating with ammonia 
chloride until the excess is driven off. The ignitid 
must be repeated several times before the decoa 
position is complete. Care must be taken not f 
raise the temperature above low redness, other* 
a portion of the potassium chloride volatilizes, f 
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^ See also PliUllps, Pres. Zait. 13, 149. 
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^^^^H Potassium ^^^^^H 

The weighed substance containing no other sal-^^^B 
phate is brought into solution, acidified with hydro- H 
chloric acid and the sulphuric acid precipitated by ^| 
decinormal barium chloride. (See Sulphuric Acid.) H 

c. c. decinormal BaCl, x -0039137 = K 1 
" X -0056137 = KOH ■ 

" " X -0069137 = K,CO. ■ 
" X -0087137 = K,SO. ■ 

Salts of potassium, with the exception of. the ^| 
phosphate borate and silicate, may be converted ^M 
into sulphate by simply adding au excess of sul- 
phuric acid, evaporating to dryness and igniting in 
a covered crucible. The ignition must bo carefully 
performed, otherwise loss from decrepitation ensuea. J 
The sulphate as first obtaiued contains an excess of H 
sulphuric acid, and this must be expelled by adding H 
a small fragment of ammonium carbonate and heat- H 
mg to redness. The sulphate, when dissolved in ■ 
water, must be neutral to litmus paper. H 

Specific gramti/ of aolutioiu of Potaaiiiim Sulphate at W . Water nt ^M 

1 


Per cent. 


Specific GravIlT. 


PMcenl. 


Specific OrmWC;. H 


1 

3 
4 
S 


1 -01635 

1 03450 
1-08377 
1- 04103 


Q 
7 
8 
9 


1-04947 H 
l-OoTSO ■ 
1-06644 ■ 
1-07400 ■ 


J 
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{TKATE.* ^H 



ESTIMATION OF rOTASSIL'M AS ACID TARTK. 



About 1 gm. of tlie potassium compound, either 
chloride sulphate or nitrate, ia dissolved in water in 
a beaker which is graduated upon the side. Two 
gms. of sodium acetate are added and dissolved, 
and then 2 gms. of tartaric acid dissolved in a. 
small quantity of water. Note the total volume of 
liquid, and after the deposition of acid tartrate 
add about ^ as much of 95 ^ alcohol, when a, 
further deposition takes place. Afterwards the re- 
maining quantity of alcohol is added, which must 
be such that the total volume of alcohol is double 
that of the original aqueous solution. After the 
deposition of crystals has stopped, the contents of 
the beaker are thrown on a filter and washed with 
60 % alcohol until the filtrate no longer reddens blue 
litmus paper. The filter and contained precipitate 
are then placed in the beaker in which the precipita- 
tion was performed, water added, the liquid heated, 
litmus added and normal alkali run in until (' 
litmus shows the violet tint. 



c. c. normal alkali x -039137 
X -056137 



K 

KOH 
069137 = K,CO, 
■087137 = K,SO, 
■101181 = KNO. 
■074594 = KCl 



187e, p. 83. 



Proceed. Amer. Chem. Soc. vol, i. ] 



ESTIMATION OF POTASSIUM AM) SODIL'M AS SILICO- 
FLUOKIHES.* 

When hydroflnoailicic acid or a silieofluoride is 
added to the solution of a potassium or sodium 
Bait, a precipitate of potassium or sodium silicofluo- 
ride is formed- If an equal volume of strong alco- 
hol ia added to the solution, the precipitation is 
complete. The precipitate {K,SiF. or Na,SiPJ is 
slightly soluble in water, has an acid reaction to 
Htmns, and is decomposed by sodium or potassium 
hydrate, silica and sodium or potassium fluoride 
tieing formed. K,SiF, + 4K0H - 6KP + SiO, + 
SH,0. Upon these facts, Stolba lias founded a pro- 
cess for the estimation of these metals. The process 
IB most valuable where only one metal is present. 
Both metals may, however, be estimated by tliis 
method, and the potassium estimated in another 
portion as acid tartrate, and subtracted. 

Preparation of Calcium SiUc<0uoride. — Equal 
parts of powdered fluor-spar and powdered glass 
Ere introduced in a flask provided with funnel and 
delivery tubes, and a quantity of strong sulphuric 
acid is added through the funnel tube. Silicon 
tetrafluoride is evolved and conducted into water 
by which it is decomposed, sUica and hydrofluo- 
flilicic acids being formed. 3SiF. + 3H,0 = 3H,SiF. 
-1- SiO,. To prevent the delivery tube from being 
stopped up by the deposited silica, the point dips 
below the surface of a little mercury in the bottom 
jf the cylinder containing the water. After the gas 

• Btolba, Jour, fllr Prkk. CLemie. 89, 1S9 ; 94, 24 ; Fres. Zeit. 8, 898. 
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has passed for some time, the liquid becomes gela- 
tinous from separated silica. It is strained through 
clean linen, filtered, and saturated with calcinm 
carbonate.* 

The Analysis. — To the solution of the potassium 
or sodium salt, which must contain no free mineral 
acid (if free mineral acid be present, a corresponding 
quantity of calcium acetate must first be added), and 
must be dissolved in a small quantity of water, an 
excess of calcium silicoiluoride and an equal bulk 
of strong alcohol are added. The solution, after 
standing for several hours, is filtered from the nearly 
transparent precipitate, which is washed with a mix- 
ture of one volume alcohol and one volume water, 
until the washings give no further turbidity with a 
solution of a potassium salt. The precipitate with 
the filter is transferred to the beaker in which, the 
precipitation was made, water and litmus added, 
and the mixture titrated with normal alkali. The 
alkaline silicofluoride dissolves slowly in water, and 
the litmus, after being turned blue by the normal 
alkali, is again reddened if allowed to stand for a 
time. Normal alkali must he added, therefore, 
until the blue color remains after standing for Bome 
time. The separated silica does not interfere. 

c. c. normal alkali x -019568 = K 
" '' " X -023568 = K,0 

" X -011521 =Na 
" X -015521 = Na,0 



Dttbetiiep&ratlon of lijdrofluoHLlicic acid, seti Stotba, FroH. Zi 



The analysis of eodinm compounilB by mi 
raetrii; method is almost identical with that of the 
potasBiixm compounds. 



I 



Sodium Hydrate. 

Proceed as under Potassium Hydrate. 

c.c. normal acid x ■023043 = Na 
" " " X -031043 = Na,0 
" " " X -040043 = NaOH 



Shaving Ou Sodium Oxidt. {Xa,0 ) in Soda Lyt» of differenl apenfic 
grntUies. Temp. 17-5°* 




^^? 8 


«clflc 


K.O 


8pecific 


"S-? sp 


«.IDc 


^A*" 


Sptwidi: 


ce^V ^ 


•VllJ. 


^J. 


Gmvily. 


MM, t'" 


:!_ 




g™.iw. 


S5-0 1 


500 


27-5 


1-889 


200 1 


281 


13-5 


1-m 


S4-5 1 


493 


27.0 


I -883 


lS-5 1 


374 


ia-0- 


1-167 


84-0 1 


485 


265 


1-375 


190 1 


2B6 


11-5 


1160 


as-s 1 


477 


2a-o 


1-367 


18-5 1 


359 


no 


1-153 


B3-0 1 


470 


25-5 


1-360 


lB-0 1 


353 


10-5 


1-146 


53-5 1 


4(i3 


35-0 


1-858 


17-5 1 


345 


100 


1-139 


33-0 1 


4.W 


24 -.'i 


1-345 


170 1 


238 


0-5 


1133 


SI'S 1 


448 


24-0 




16-5 1 


331 


0-0 


1-123 


310 1 


440 


23-5 


1-331 


16-0 1 


334 


8-5 


1118 


30 5 1 


433 


23-0 


1-324 


15-5 1 


317 


8-0 


1 111 


30-0 1 


436 


33 -S 


1-817 


in-0 1 


310 


7-5 


1-104 


89 5 1 


418 




1-309 


14-5 1 


203 


7-0 


1-0B7 


200 1 


411 


21-5 


1-303 


14-0 1 


195 


e.-i 


I-OBO 




404 


31-0 


1-295 


la-.-i 1 


11^8 


6-0 


1-083 


880 1 


39B 


30-5 


1-388 


13-0 1 


181 


5-5 


1-070 



Na,0 : NaOH : ; 31-043 ; 40043. 
* Hoffnittn-ScliDeiller. Tabelleii filr Chemiker. 
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Sodium Casbokate. 



Proceed as under Potassinm Carbonate. 



c. c. normal acid x - 023043 

X 031043 
X -053043 












Na.0 
Na,CO. 



Speeifle gratUy of tolutunu of Sodium Carbonate at 15*. Waltr at 

15°=1.» 



Percent. 


Specific Gravity. 


1 Percent. 


Specifc Onrity. 


1 


1- 01050 


8 


106430 


2 


102101 


9 


109500 


3 


1 03151 


10 


1. 10571 


4 


1- 04201 


11 


111655 


5 


1 05255 


12 


112740 


6 


106309 


13 


1 13845 


7 


1. 07369 


14 


114950 



Sodium Chioeide. 



Proceed as under Potassium Chloride. 



c.c. ^ silver solution x • 0023043 
" " " " X -0031043 

" " " " X -0053043 

" " " " X -00585 



Na 
Na,0 
Na,CO. 
NaCl 



* Gerlach, Specifische Gewichte der Salzldsungen. 



Per cent. 


Spediic Gmvltr. 


Per cent. 


Specific Gravity. 


1 


1-00725 


14 


1- 10384 


s 




01450 


15 


1-11146 


3 




03174 


16 


1-11938 






03899 


17 


1-12730 






03624 


18 


1-13533 






04386 


19 


1- 14315 






05108 


30 


!■ 15107 






05851 


31 


1-15931 






06593 


33 


1-16735 






07335 




1-17580 






08097 


24 


1-18404 






08859 


35 


1-19338 




!■ 09633 


2« 


1-30008 



ecijie gravity of goluliona of Sodium Chloride at 15°. Water a 



I 



When potassium and sodium chlorides occur 
together in solution, which very often liappens, the 
amount of each may he estimated indirectly as 
follows : 

Evaporate the mixed chlorides to dryness, heat 
nearly but not quite to redness, and weigh them ; 
then dissolve in water and estimate the amount of 
chlorine by -^ silver solution. The following for- 
mula then gives the amounts of sodium and potas- 
sium in the mixed chlorides. 

X = [(B-a)l-641-a 1 x = potassium. 
0-63 I y = sodium. 

a— [(b — a) 0-91] [s = weight of the chlorides. 



y = 



chlorine. 



* Geilftcti, Specifische Qewichte der SalzlOsuDlcoD. 
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0-63 = 



Na K 



Or the following, taken from Freaeniua : 

Multiply the quantity of chlorine in the mixtl^ 
by 2 1029, deduct from the product the sum of t' 
chlorides, and multiply the remainder by 3 -624 
the product expresses the quantity of sodium chlor- 
id« contained in the mixed chlorides. To be of any 
value, the determination of mixed chlorides and of 
the chlorine must be very accurately made, as small 
mistakes are multiplied in the calculation. Unless 
the amounts of potagsinm and sodium present are 
nearly equal (not more than two parts of one to one 
pai-t of the other) the method cannot be depended 
upon. 

Sodium nitrate or chloride may be converted into 
carbonate by adding to their aqueous solution per- 
fectly pure oxalic acid in moderate excess, and eva- 
porating several times to dryness, with repeated re- 
new^al of the water. All the nitric acid of the 
sodium nitrate escapes in this process (partly de- 
composed, partly undecomposed) ; and equally so 
aJl the hydrochloric acid in the case of sodium 
chloride. If the residue is now ignited until the 
excess of oxalic acid is removed, sodium carbonate 
is left (Preseniua). The sodium carbonate may be 

'termined by standard acid, and from the amount 
the amount of sodium salt calculated. 



SODIUM. 
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Sodium Sulphate. 
Proceed as under Potassium Sulphate. 



c. c. ^ barium chloride x • 0023043 = Na 
" " " " X -0071043 = Na,SO, 



Specific gravity of solutions of Sodium SulpJuite at 15". Water at 

\^° = 1 * 



Per cent. 


Specific Gravity. 


Per cent. 


Specific Gravity. 


1 
2 
3 
4 
5 
6 


1-00911 
1-01822 
1- 02736 
1-03650 
. 104575 
1. 05500 


7 

8 

9 

10 

11 


1.06437 
1- 07375 
1.08325 
1-09275 
1-10246 



When potassium and sodium sulphates occur to- 
gether, the proportion of each may be estimated as 
follows : 

Evaporate to dryness, heat to redness, and weigh 
the mixed sulphates, then dissolve in water and 
estimate the amount of SO^ by means of y^ barium 
chloride ; then, from the amount of SO^ found, sub- 
tract the weight of the mixed sulphates multiplied 
by -551, and divide the remainder by 'ISS. The 
quotient is the sodium sulphate. 

* Gerlach, Specifische Gewichte der SalzlOsuDgeu. 



SODA ASH. 

Soda ash made hy Leblanc's procesB contains, be- 
sides sodium carbonate, moisture, sodium liydrate, 
sulphate chloride, silicate, aluminate, and somw 
times sulphite, sulphide, and thiosulpliate. 

Moisture. 

About 10 gms. of the sample is heated in ; 
ighed platinum cmcible until it ceases to lo| 
ight, cooled in the desiccator, and quick' 
ighed. The loss is moisture. 

Sodium Carbonate and Hydrate. 

The cooled mass is dissolved in a small quanti' 
of hot water in a beaker, and filtered into a half 
litre flask. The filter is thoroughly washed out, 
and the fluid in the flask, after cooling, diluted to 
the containing mark, shaken, 15 c. c. taken out, and 
titrated with nonnal sulphuric acid. Tlie normal 
acid used is equal to the combined hydrate and 
bonate in 1 gm. of the soda ash. 

Take out another 50 c. c. of the solution, pour i: 
a flask, add an excess of barium chloride to the 
boiling solution, filter and wash rapidly into an- 
other flask, and titrate the filtrate with normal acid. 
Or, the estimation may be made by taking 
100 c. c. and titrating. In either case a slight ei 
is introduced. In the first case, because the 
paper retains a little of the barium hydrate, 
tlie second, from neglecting the volume of the 







nalacid ^H 
om the V 



cipitated barium carbonate. The c. c. of normal 
naed X -031043 ~ Na,0, and subtracted from 
amount used for the total alkali = c, c. equivalent to 
sodium carbonate. This number is then to be mul- 
tiplied by -053043 for anhydrous sodium carbonate. 



Sulphuric Acid 

is estimated by slightly acidifying 50 c. c. of the 
solution with HCl, and precipitating with decinor- 
mal barium chloride. 



Hydrochloric Acid, 

Neutralize 50 e. c. with nitric acid free from chlo- 
rine, boil to erpel H,S, and then add a drop or two 
of a solution of pure sodium carbonate until faintly 
alkaline, add two drops saturated solution of po- 
tassium chromate, and run in ^ silver nitrate until 
the brick red color is persistent. , 



Sulphide and TirioauLPHATE. 

50 c. c. of the solution are diluted considerably, 
acidified slightly with acetic acid, starch added, and 
■j^ iodine run in until the blue color remains. The 
c. c. used = combined sulphide and thiosulphate. 
A second portion of 50 c. c. is precipitated with a 
solution of zinc sulphate, and the filtrate containing 
only this sulphate titrated as above. The differ- 

I ence between the first and second results is equal to 

I the thiosulphate. 
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Potash or crude potassium carbonate may be ea- 
tiraatt'd in the same way as soda ash. Potash al- 
ways contains more or less sodium carbonate, which 
is sometimes added as an adulterant : being less val- 
uable than potassium carbonate. Tlie amount of 
each contained in potash may be determined by the 
following method :* Dissolve 6 ■ 35 gma. of the gent- 
ly ignited pearlash in water, iilter the solution into a 
quarter-litre flask, add acetic acid in slight excess, 
apply a gentle heat until the carbonic acid ia ex- 
pelled, then add to the fluid, while still hot, acetate 
of lead, drop by drop, until the formation of a pre- , 
cipitate of sulphate of lead ju^t ceases. Allow the 
mixture to cool, add water up to the mark, shake, 
allow to deposit, filter through a dry filter, and 
transfer 200 c. c. of the filtrate, corresponding to fl 
gms. of pearlash, to a quarter-litre flask. Add sul- 
phuretted hydrogen water up to tlie mark, and 
sliake. If the acetate of lead has been carefully 
added, the fluid will now smell of sulphuretted hy- 
drogen, and no longer contain lead ; in the contrary 
case, sulphuretted hydrogen gas must be conducted 
into it. After the sulphide of lead has subsided, 
filter tlirough a dry filter, evaporate 50 c. c. of the 
filtrate (corresponding to 1 gm. of pearlash), with 
addition of 10 c. c. hydrochloric acid of 110 sp. gr. 
in a weighed platinum dish, to dryness ; then cover 
the dish, heat, and weigh ; the weight found ex- 
presses the total quantity of chloride of potassium 
and chloride of sodium given by 1 gm. of the pearl- 
ash. Estimate the potassa and soda now severally 
in the indirect way, by determining the chlorine vol- 

9, Quant. AnalyBis. 
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wnetrically. (See Chlorine.) The potassa may also 
"be determined directly by precipitation as tartrate. 
(See page 72.) 



BARIUM. 

Baeium Oxide and Hydrate. 

Dissolve the substance in water, add litmus, and 
titrate with normal acid. 

c. c. normal acid x • 0685 = Ba 
" " " X .0855 = Ba(OH), 

Barium Carbonate. 

Weigh out about • 2 gms. substance, dissolve in a 
measured excess normal HCl, boil, add litmus, and 
then run in standard sodium hydrate from a second 
burette until the blue color is restored. The c. c. of 
acid — the c. c. of standard sodium hydrate (if both 
solutions be strictly normal) = the number of c. c. 
of acid required to saturate the barium carbonate. 

c. c. normal acid x • 0685 = Ba 

" " X -0855 = Ba(OH), 

" " " X .0985 = BaCO3 

The carbonic acid in barium carbonate may like- 
wise be determined by one of the methods given 
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under carbonic acid, and the barium calculated from 
the carbonic acid found. 



CO, X 311363 = Ba 
CO. X 4-47727= Ba.,CO. 



Barium Chloeide. 



4 



All other chlorides must be absent. Determine 
the chlorine aa in the case of potassium chloride, 
having first precipitated the barium from the chlo- 
ride by means of a solution of K,SO.. 



c. c. -^ silver solution x -00685 = Ba 
" " ■' " X 00855 = Ba(OH), 

"- " " " X -00985 =BaCO, 

" " " " X ■010a9 = BaCI. 



DETERMINATION OF BARIUM A3 Oi.A.LATE.* 



I 



The solution containing the barium is mixed with 
an excess of a concentrated solution of oxalic acid, 
and an equal volume of alcohol added. After 
standing over night, the solution is filtered, the pre- 
cipitate washed with alcohol until the filtrate no 
longer reddens blue litmus paper, and then care- 
fully dried in the air-bath to expel the alcohol. 
The precipitate is dissolved in the smallest possible 
quantity, of hydrochloric acid, diluted with water, 
and permanganate run in until it communicates a 
faint permanent pinkish tint to the liquid. 

* Leiaon, Chem. News, xxii. 210; Amer. Jour. 8ci., Bepi IBT 





c. c, -j^ permanganate X 




■00685 

■00765 = BaO 
" X -01039 =BaCl, 

BY FHECIPITATION AS CHBOMATE. 

The neutral or slightly ammoniacal solution is 
treated with potassium chromate in slight excess at 
the boiling temperature, by which the barium ia 
completely precipitated as rhromate. It is filtered, 
washed with hot water until the filtrate is entirely 
colorless, and while still moist pushed together with 
the filter in the stoppered bottle, Fig. 30, some 
hydrochloric acid is added, and -then the air of the 
flask is displaced by carbon dioxide. This is most 
easily accomplished by tlirowing in a crystal of 
sodium bicarbonate. As soon as it is aU dissolved 
and effervescence ceases, add an excess of potassium 
iodide to the solution, insert the stopper of the bottle 
and fasten it securely in the frame. The bottle is 
, then placed in water, which is heated for some time. 
► After the reaction is completed, the bottle is allowed 
, to cool, opened, and the free iodine found by adding 
• starch solution and running in decinormal sodium 
thiosujphate until the blue color disappears. 

The reaction between the barium chromate, potas- 
sium iodide, and hydrochloric acid is as follows : 

SBaCrO. + 6KI + 16HC1 = 2BaCl. + Cr.Cl. + 6KC1 
+ 61 + 8H,0 

Since 2BaCrO. = 61 

BaCrO. 



I 

I 
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and t atom of Ea, or 45-66, would correspond to* 
normal solution of iodine, 4-566 to a decinonu-^' 
and -004566 to 1 c. c. of a decinormal solutiC^' 
Since the decinonnal sodium thiosulphate is eqiL "-'■'' 
alent to decinonnal iodine, 

c. c. -^ sodium thiosulphate x -004506 = Ba 
" " *' " X -0051 =Ba 1 




ESTIMATION WITH STANDAED POTASSIUM BICHROMATE:^^* 

Preparation of the Solution of Bichromate, — Thi^-^ 
solution is not identical with the one described o*^*" 
page 49, and must- nut be confounded with it ; tha" — * 
being used for oxidation, while this is for precipita— " 
tion. It is made by dissolving 7-38(18 gms. puK 
potassium bichromate (previously heated nearly to*^^ 
fusion, to drive off hygroscopic moisture) in water, ■^ 
and diluting to a litre. ^H 

The barium solution is made alkaline by addition ^^k 
of ammonia free from carbonic acid and heated ^| 
nearly to boiling. The bichromate solution is then 
added slowly, allowing to settle after each addition 
until the supernatant fluid shows a alight yellow 
tint. A very small excess of the bichromate .shows J 
in the alkaline liquid, and with care the results are J 
tolerably sharp. 

Lead must be absent as well as all metals which 
form chromates insoluble in ammoniacal solution. 
Calcium and small quantities of strontium exercise 
no influence upon the result. 

c. c. deciuonnal bichromate x -00685 = Ba 
" " " X -00765 = BaO 



Barium may also be precipitated as chromate, 
rashed, the precipitate dissolved in a little HCl, 
Ibid the barium precipitated by H,SO,. Without 
Altering, some starch paste and a little KI are added 
io the solution, and ^ stannooB chloride ruu in until 
ihe blue color disappears.* Or, 

An excess of -j^ potassium bichromate is added 
to a elightly alkaline solution of the barium com- 
Soimd, the precipitate filtered and washed, and the 
)xces9 of chromic acid in the filtrate determined by 
me of the methods given under Chromium. 



PRECIPITATION OF BARIUM AS SUI.PUATE IS ACID 
SOLUTION. 

Lead and strontium must first be removed. 

This method possesses the very great advantage 
liat it is applicable to the estimation of all com- 
Ktnnds of barium without exception, and that it 

ay be used in presence of all metals except lead 

id strontium. 

We need decinormal solutions of barium chloride 
ind sulphuric acid. 

Weigh out 13-1958 gms. pure dry barium chlo- 
tide, dissolve in water and make up to a litre. If it 
»e desired to have a control upon this solution, 20 c. c. 
Hay be measured out. slightly acidified with liydro- 
^oric acid, and the barium precipitated by an ex- 
Bess of dilute sulphuric acid, and weighed. 

The solution of sulphuric acid is made by dissolv- 
ing 3 c. c. of the concentrated acid in water, allowing 

* Bee Hmmitti, Amer. Joar. 8ci. 1877, p. 478. 



the solution to cool, dilnting to about 500 o. c, deter- 
mining the exact strength by taking 10 c. c. and 
titrating by VV barium chloride, and then running a 
sufficient quantity into a litre tlaak to make the so- 
lution of precisely deeinormal strength when diluted 
to a litre. Suppose for 10 c. c. of an acid made ac- 
cording to the above directions, 20-8 c. c. deeinormal 
barium chloride are required, then jVV ^ 1000 or 
480-8 c. c, is the amount required per litre. As a 
control the amount of acid may also be determined 
by precipitating 20 c. c. by an excess of barium cMo- 
ride. Having prepared deeinormal solutions, it is 
easy to make the analysis. For this purpose, fill 
two burettes, one with f\y barium chloride, the sec- 
ond with y^ sulphuric acid. Weigh out the sub- 
stance to be tested, dissolve in water, wash into the 
300 c. c. flask, fill to the mark, and take out 50 or 
100 c. c. with a pipette. Acidify slightly with, hy- 
drochloric acid, and then run in 10 c. c, of the sul- 
phuric acid. Heat to boiling for a few minutes, and 
then take out a portion of the liquid by means of 
the filtering pipette, Fig. 33, and add a drop of the 
sulphuric acid from the burette. If a precipitate ia 
formed, rinse the pipette and tube into the beaker 
and add another 10 c. c. of acid. As soon as no pre- 
cipitate is formed in the clear fluid taken out with 
the pipette, the sulphuric acid is in excess, 1 c. c. 
of barium cliloride is then added, and the fluid tested 
by a drop of the sulphuric acid. If sufficient has not 
been added, more is run in. When the barium is 
again in excess, the sulphuric acid is run in by por- 
tions of -2 c. c, finally -1 c.c, until a portion of the 
filtrate gives no precipitate with a drop of sulphuric 



acid at first, bnt the liquid "beeomea turbid in a few 
seconds. A portion of the liquid is then run into 
a second test tube and a drop of the barium chloride 
added. If this also produces a turbidity after the 
lapse of a few seconds, the proper point is reached. 
Subtract, now, the c. c. of barium chloride used from 
the c. c. of sulphnric acid, and the remainder will be 
the sulphuric acid required for the barium originally 
in the solution. Now take out a second portion 
of the solution from the tiask, and, knowing the 
amount required, run in nearly the entire num- 
ber of c.c, at first, and then by -1 c. c, until the proper 
point is reached. After a little practice, very little 
time is required to liit the precise point when the re- 
action is completed, as from the amount of precipi- 
tate produced in the test tube a tolerably good idea 
of the acid still necessary can be formed. The 
method gives excellent results. 

c. c. decinormal H,SO. x • 00685 = Ba 
" " " X -00765 =BaO 



Barium sulphate may be estimated by fusion with 
a mixture of potassium and sodium carbonates, 
whereby the acids exchange places, and potassium 
and sodium sulphates and barium carbonate are 
formed. The fused mass is treated with hot water, 
which leaves the barium carbonate undissolved ; this 
is washed, dissolved in an excess of normal or deci- 
normal hydrochloric acid, and the excess found by 
standard alkali. 
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STRONTIUM. 
Steontium Oxide and Hydrate. 
Deteemined like Barium Hydrate. 

c. c. decinormal acid x -004377 = Sr 

'* " "X ■006tl77=Sr(OH), 

Strontium Carbonate. 

Determined like Barium Carbonate. 

c. c. decinormal acid x -004377 = Sr 
" " " x - 006077 =Sr^OH), 

" " " x -007377 = SrCO. 

Strontium Chloride. 

First precipitate the strontium by meana of a solu- 
tion of potassium sulphate, and determine the chlo- 
rine in the filtrate with fir silver solution. 

c. c. decinormal silver solution x -00437 = Sr 

X -00792 = 8rC!l, 



ESTIMATION AS 0X.4LATE,* 



In the absence of barium, calcium, and other metals 
^ipitable as oxalates, a strong solution of oxalic 
added in excess, and then a volume of strops 

• Leison, Chem. KewH, xxii. SIO. 



felcohol equal to the amount of liquid. The solution 
is allowed to stand over night, and hltf^rcd tlirough 
% Band filter made by di'opping a bulb of glass blown 
iapon the end of a small tube iuto the neck of a fun- 
nel, and iUling clean sand around it. The bulb closes 
the funnel sufficiently to prevent the passage of the 
sand, but not the liquid. The precipitate is dried 
thoroughly to expel all alcohol, the bulb lifted by 
ffeans of the glass stem, and the sand and precipi- 
tate washed into a beaker below, hot dilute sul- 
phuric acid added to decompose the oxalate, and, 
after dilution with water, titrated with f^ perman- 
ganate. Instead of the sand filter a funnel may be 
ased which has a quantity of fine asbestos placed 
Iji the neck. 

o. c. -rif permanganate x - 004377 = Sr 
" " " X -005177 = SrO 

The method used for barium, namely, precipita- 
lon as sulphate, may also be used with strontium, 
Jut is not so good, since the strontium sulphate is 
jightly soluble in water and dilute acid. 



CALCIUM. 

Calctom Hydrate, or Oxide. 

\ Calcium hydrate is less soluble in water than 
ather barium or strontium hydrate, and a modifica- 
ion of the method is hence necessary. The best 
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plan is to diasolve the weighed substance in excess 
of normal or decinormal acid, and estimate the ex- 
cess of acid by means of standard sodium hydrate. 



c. c. normal acid x 

" " " X 
' " '* x 


■ 020 = 
■037 = 
-028 = 


= Ca 

= Ca(OH). 

= CaO 


Calcium Ca 


[EBON ATE. 


Determined like the Hydrate. 




c. c. normal acid x 

" " " X 

" *' " X 

" " X 


020 = 

037 = 

■028 = 
■050 = 


= Ca 

= Ca(OH). 
= CaO 
= CaCO, 



Where calcium oxide or hydi'ate and carbonate 
occur together, the amount of carbonate may be 
determined by estimating the amount of CO, present, 
by one of the methods given under Carbonic Acid, 
and the amount of calcium existing as carbonate 
calculated from this. Then subtracting this from 
the total Ca present, we have remaining that exist- 
ing as CaO or Ca(OH),. 

Calcium Chloride. 

Evaporate to hard dryness, heat to 200° in the air- 
bath, dissolve in water, and determine the chlorine 
with ^ silver solution. 

c. c. yV silver solution x -0020 = Ca 
'< " " '' X -0037= Ca(Oa 



J silver solution x -0028 = CaO 

X 0050 =CaCO, 
' " " X -00555 = CaCL 



CALcmM Sulphate. 

Dissolve in sufficient water and some dilute HCl, 
and determine the sulpliuric acid by decinormal 
barium chloride. 

c. c. ^ barium chloride x ■ 0020 = Ca 
" " " " X -0050 = CaCO, 

" " " " x -00555 = CaCl, 

" " " " X -0068 = CaSO, 



ESTIMATION A3 OXALATE. 

Any calcium salt soluble in water, or dilute acetic 
acid. 

1. Dissolve in water and add ammonium hydrate 
nntil the fluid is alkaline, and then ammonium 
chloride and oxalate. Heat gently until the calcium 
oxalate lias completely separated, collect on a filter, 
wash thoroughly, dissolve in warm dilute sulphuric 
acid, and estimate the oxalic acid by yjr permanga- 
nate. In case the calcium salt he insoluble in 
water but soluble in dilute acetic acid, it is to be 
dissolved in the smallest possible quantity of acetic 
acid, and the calcium precipitated as oxalate with- 
out previous addition of ammonium liydrate. 

2. Add to the solution of the calcium salt, in a 
250 c. c. flask, a known volume in excess of a solu- 



I 



tion of ammoniam oxalate. Pill the flask to tlie 
mark with water, allow the precipitate to subside, 
take out 50 or 100 c. c. by means of a pipette, and 
determine the excess of oxalic acid by acidifying 
with sulphuric acid, and titrating with ^ permaii^ 
ganate. 

3. Collect the precipitate of calcium oxalate o! 
tilter, dry the filter, and ignite ; in this way the o: 
late is converted into a mixture of carbonate and 
oxide, dissolve in excess of decinormal acid, and 
measure the excess with decinormal sodium hyi 
The difference is the measure of acid required. 
three of these methods give good results. 



laQ- 
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permanganate or acid x 
" " X 
" " X 


0020 = 
0050 - 
■0028 = 

E. 


= Ca 
= CaCO, 

= CaO 




MAGNESIUM. 
Magnesium Oxid 


1 



Dissolve in excess of noraial acid, and estimate 

the excess with Kieffer's Solution. (See page 40.) 



Magwesium Carbonate. 



Dissolve in excess of normal acid, and titrate t 
witli Kieffer's Solution. 



MAGNESIUM. 



c.c. noiinal acid x -1)120 = Mg 

" X -0200 = MgO 
" " " X ■042(J = MgCO. 

These eatimations are generally of little value. 



Magnesium Sulphate. 

Koist magnesium compounds may be converted 

ito the sulphate by evaporating to dryness with 

loncentrated sulphuric acid, and heating to very 

iuU redness to drive off the excess. The heat must 

it be greater than low redness, otherwise some of 

le sulphate is apt to be decomposed. Dissolve the 

;lphate in water, add a few drops of hydrochloric 

Hcid and determine the sulphuric acid by means of 

lecinormal baiium chloride. (See Sulphuric Acid.) 

c. c. ^ barium chloride x -0012 = Mg 
" " " " X -0030 = MgO 

" " " " X ■<1042 = MgCO, 

" " '< " X -0060 = MgSO, 



E3TIMATI0]N" AS PHOSPHATE. 

The solution must be free from other metals ex- 
ept potassium and sodium. Ammonium chloride 
md ammonia are added, and then sodium phos- 
^ate in excess. The solution is allowed to stand for 
Welve hours, then liltered and washed with a solu- 
|on made by mixing three parts water and one part 
Bnmonia, sp. gr. 0-96, until the filtrate produces 
(Bly a very faint opalescence when mixed with nitric 
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acid in excess, and a drop of silver nitrate solution 
added. (Fresenins. ) 

1. Tlie precipitate is tlien dissolved in acetic acid, 
and the amount of phoaphoric acid estimated by 
titration with uranium solution. (See Phosphoric 
Acid.) 



c. c. uranium solution x -001695 = Mg 
X -002817 = MgO 

2. Magnesium ammonium phosphate, when dis- 
solved in water, in which it is slightly soluble, has 
an alkaline reaction to cochineal. If hydrochloric 
acid la added, the alkaline reaction is destroyed, 
when all the magneainm is converted into chloride. 

MgNH.PO. + 2HC1 = MgCl, + NH.H.PO. 

The magnesia is precipitated as before directed 
and washed with ammoniacal water, then with ordi- 
nary alcohol of neutral reaction, untU the filtrate no 
longer changes red litmus to blue. The precipitate 
and filter are placed in the same beaker in which 
the precipitation was made, water and a few drops 
of cochineal solution added, and normal or decinor- 
mal acid run in until the violet color changes to 
yellow.* 



. normal acid x 



012 = 
030 = 



Mg 
MgO 



ESTIMAnON AS OXALATE.* 

Wten oxalic acid is added in excess to magneaium 
pilphate, the mixture evaporated (but not to dry- 
and alcohol added, the tiltrate is perfectly free 
h)m niagnesiam. The precipitate is brought npon 

filter washed with alcohol, and dried carefally to 
Btpel the alcohol, the oxalate is then dissolved in 
sulphuric acid, and determined by jj permanga- 
nate. 



■0012: 
•0020: 



. Mg 
= MgO 



ZLNC. 

Zinc Oxide and Carbonate. 

EsTrMATED with normal acid in excess, and titrat- 
ing back with Kieffer's Solution. The estimation is 
lot accurate with small amounts of substance. 

c. c. normal acid x -03258 = Zu 
" " " X -04058 = ZnO 



Zinc Oxalate.! 

The solution containing the zinc, preferably as 
mlphate, must be neutral. Add an excess of a 

'Leiiiaii, CliemicBl News, xxil. 310. f Ibid. 
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strong solution of oxalic acid, and tlien a volume of 
strong alcohol ecxnal in bulk to that of the solution 
containing the zinc Allow the solution to stand 
over night, filter off the zinc oxalate formed, through 
a fnnnel in the neck of which is placed a loosely- 
fitting plug of fine asbestos, and wash with alcohol. 
Dry perfectly in the air-bath, take out the asbestos 
plug, and place in hot dilute sulphuric acid, by' 
which the oxalate is dissolved, wash out the oxalate 
adhering to tlie funnel into the same beaker, with 
a little of the dilute sulphuric acid, and titrate with 
tIV permanganate. The asbestos does not interfere 
in the slightest degree. 

c. c. -j^ permanganate x ■ 003258 = Zn 
" '' " X -004058 = ZnO 

" " " X -008058 = ZnSO. 



ESTIMATION AS SULPHIDE. 

Applicable to any soluble zinc salt. 

The solution in a tiask is made just alkaline by 

addition of sodium or ammonium liydrate, sodium 

or ammonium sulphide in excess added, the flask 

filled with warm distilled water, tiglitly corked or 

stoppered, and allowed to stand in a warm place 

for several hours. A tube drawn out at one end 

and containing a loosely-fitting plug of fine asbestos, 

then arranged as in Pig. 34. Tlie bent tnbe is 

icted with a Bunsen pump. After tlie liquid 

\e precipitate in the flask has become per- 

vaA the precipitate settled, pour the clear 

the asbestos filter. As soon as the 



fluid has run through, close the tube with a 
cork, till the flask with warm, recently-boiled 

r containing a little am- 

um hydiute, cork tight- 

ind allow the flask to 

I until the precipitate 

1 subsides ; then poux" 

ilear fluid upon the til- 

and repeat this three 

ur times ; finally, wash 
of the precipitate upon 

isbestos filter, and wash 

Uy with warm water con- 

ng aramonia until a drop 

te filtrate produces no 

t precipitate in an alka- 

,ead solution. Then re- ' 

1 the tube containing the 

jtoB and zinc snlphide F10.34. 

the WoulEe's bottle, and by means of a stiff 
inserted at the small end, force the asbestos 

rinc sulphide into the flask in which the precipi- 

n was made, wash any zinc snlphide still adher- 

» the tube into the flask, and add a quantity 

a acid solution of ferric sulphate more than 

jient to decompose the zinc sulphide. Stopper 

flask securely, and allow to stand in a warm 

5, shaking occasionally. The reaction which 

9 place may be represented thus : 

Fe,(SO.), + ZnS = 2PeSO. + ZnSO. + S 

f the reaction is completed, the solution should 
iBB a yellow color due to undecomposed ferric 
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salt. The stopper of the flask is now removed, 
when no smell of sulphydric acid should be percep- 
tible, and the solution diluted and titrated with -f"j 
permanganate. If the solution be dilute, the finely 
divided sulphur present does not interfere. 

c. c. YTT permanganate x -003258 = Zn 
" " " X -004058 =:ZnO 

" " " X -008058 = ZnSO. 

The method is a tolerably good one when care ia 
taken to wash the zinc sulphide rapidly and thor- 
oughly. Owing to its slimy nature, this is, how- 
ever, somewhat difficult to accomplish. 



PRECIPITATION AS SULPHIDE WTTH ALKALINE LEAD 
SOLUTION AS INDICATOR. 

We need standard solutions of zinc sulphate and 
sodium sulphide and an alkaline lead solution. 

Standard Zinc Solution.— ^zAq by dissolving 
44-7 gms. pure zinc sulphate {ZnSO. + 7H,0) in 
water and diluting to a litre. Instead of this salt 
we may use 68-2066 gms. double sulphate of zinc 
and potassium, prepared by mixing hot solutions 
of the two salts iu the proportions of their molecular 
weights, and allowing to crystallize. Such a solu- 
tion contains -OKX) gms. zinc per c. c, which in this 
case is more convenient for purposes of calculation 
tUan a decinormal solution. 

Standard Sodium Sulphide is prepared by pass- 
ing sulphydric acid into a solution of sodium hy- 
drate of sp. gr. -094 until saturated, adding sodium 



hydrate until the solution no longer smells of H,S, 
and diluting with water until it nearly corresponds 
in strength to the standard zinc solution. It is not 
necessary that the solutions be precisely equivalent, 
since the sodium sulphide decomposes slowly, and 
its strength must be determined before each series of 
analyses by means of the zinc solution. 

Alkaline Lead Solution.— lAaA^ by adding some 
tartaric acid to a solution of sodium hydrate, and 
pouring this into a solution of lead acetate until the 
precipitate at tirst formed is redissolved. 
' Numerous substitutes have been proposed for the 
blkaline lead solution, sodium nitro-prusside, and 
I nickelous and cobaltous chlorides among the num- 
ber, but they possess no advantage over the lead 
solution and are more expensive. Ferric chloride, 
which is often used, is not sufficiently sensitive. 

DetermtTiation of the Relative Strength of the 
Solutions. — Take out 90 c. c. of the zinc solution and 
add the sodium sulphide from a burette, stirring 
after each addition. From time to time a drop of 
the alkaline lead solution is taken out from a bottle 
containing it, by means of a glass rod, and placed 
upon a piece of fine white filtering paper, and near 
it, npon the same piece of paper, a drop of the tur- 
bid zinc solution. The liquids spread over the paper 
and I'un into each other, and as soon as an excess of 
sodium sulphide is present show a dark line where 
the drops meet. Placing the drops upon filter 
paper is absolutely necessary, since if a porcelain 
plate were used, the alkaline lead solution would 
come in contact with the zinc sulphide, which 
blackens it, producing the same appearance as if 
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sodium sulphide were in excess. The lead solution 
must be dropped on the paper first, and the drpj 
of turbid fluid then placed beside it. 

A notable excess of sodium sulphide must be ui 
before the lead solution shows its presence, and 
amount in excess increases with the volume of the 
liquid used. For this reason a correction must be 
applied in every case, and this is done as follows : 
. After the zinc is all precipitated and sodium sul- 
phide ia in slight excess, the whole solution is 
poured into a measuring jar and the volume of 
liquid found roughly. The same volume of water 
is Ihen taken, and sodium sulphide added, drop by 
drop, until a drop taken out gives the dark line 
with alkaline lead solution. The amount used for 
this purpose is then subtracted from that used for 
the analysis, and the remainder is the amount to 
which the 90 c. c. of zinc solution are equivalent. 

Suppose that 20 c. c. of the zinc solution required 
20 -R c.c. sodium sulphide, the volume of liquid in 
the beaker is then 40 -5 c. c. A like volume of water 
requires -2 c.c. sodium sulphide, then 20-5 c.c. - 
2 c.c. =: 90-3 c.c. is the volume of sodium sulphide 
equal to 20 c.c. zinc solution. The 20c. c. contain 
20 X -01 = -20 zinc, and since this is the amount to 
which 20 ■ 3 c. c. are equivalent, -1 c.c. sodium si 
phide = ^ = -009852 Zn. 

The analysis is performed with two burettes : 
containing the zinc solution, the other the sodium 
Bulplude. The sulphide is added until the lead 
indicator shows it to be in excess. If this point is 
overstepped in the first trial, which may easily ' 
pen, a few c. c. of zinc solution may be added, 
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the titration again proceeded with. After the titra- 
tion is ended, the volume of liqaid is found, and a 
correction made by adding sodinm sulphide to a 
like volume of water. 

Suppose 3(1-3 c. c. sulphide have been used and the 
correction found, -ice. The volume actually needed 
vpas then 30-3 c. c. — -4 c. c. = 29-9 c, c, and this ia 
equal to 29 ■ 9 x - 009852 = ■ 29457 Zu. For the same 
analysis 4-5 c. c. zinc solution were used, which ia 
eqnal to -046 Zn. The substance, therefore, con- 
tained -29457 - -045 = -24957 gms. Zn. 

The zinc solution to be titrated must be neutral 
or alkaline. 

The method is inapplicable in presence of copper, 
manganese, nickel, or cobalt. 



ESTIMATIOX AS FERROCYAS'IDE.* 

The 2inc must be in slightly acid (preferably hy- 
drochloric) solution, and should contain neither 
ammonium chloride nor sodium acetate. Copper, 
iron, nickel, and cobalt must be absent ; manganese 
does not interfere. 

Standard Solution of Potassium FeTrocyanide 
is prepared by dissolving about 43- gms. potas- 
sium ferrocyanide in water and diluting to a litre. 
The strength of this solution is estimated by titrat- 
ing it against a measured volume of the standard 
zinc solution. 

Standard Zinc Solution. — This is the same as the 

I • Fahlberg, Zeit. Anal. CLem. 1874, ZTi ; Ljte, Cheiii, Newa, sisiii. 
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one used in the estimation of zinc as sulphide, and 
contains -01 gtns. zinc per c. c. 

Twenty c. c. of the zinc solution are measured into 
a beaker and 1 c. c. hydrochloric acid added. The 
ferrocyanide is then run in from a burette and the 
solution tested after each addition by taking out a 
drop and placing it near a drop of dilute solution of 
ferric chloride upon filter paper. The drops then 
run together, and as soon as the ferrocyanide ia in 
excess, a blue line is formed at the intersection. An 
excess, of ferrocyanide is always used, and the 
amount in excess depends somewhat upon the dilu- 
tion ; it is therefore best to apply a correction for 
this in the same way as in the estimation of zinc as 
sulphide. If ammonium chloride is present, a 
larger amount of ferrocyanide is used, and the 
jesultB obtained are then of no value unless the 
; 'amount of ammonium chloride present ia the same 
in every case. 

Sodium acetate prevents the ferric chloride from 
' showing an excess of ferrocyanide. If it be present, 
we must use uranic acetate or nitrate for the indi- 
cator as recommended by Fahlberg and Lyte ; but 
even then the amount of sodium acetate must be 
the same in every case. 

The following experiments, in which ferric chlo- 
ride was used as indicator, show the degree of aceu- 
laoy which may be expected. The zinc solution used 
■'as made decidedly acid by addition of HCl. 

'n aoln'n reqnlred 8-4S c. c. ferrocyaoideaftercorrec'n = B'BSc.c. 




LENDE, ETC. 



ESTIMATION AS FEBRICYANIDE. 

The zinc must Iw in acetic acid solution ; and if 
Hot already ao, this may be accomplished by adding 
r sodinm acetate in excess to the slightly acid solu- 
tion, by which the mineral acid is saturated, and an 
equivalent of acetic acid set free. Potassium ferri- 
cyanide is then added, until a drop of the solution 
taken out upon filter paper, gives a blue ring with 
drop of ferrous sulphate solution. Potassium 
iodide is added in excess, and then a few drops of 
starch and ^ thiosulphate run in until the blue 
color is discliarged. T]ie reaction is as follows : 

2Zii.(Cy,Fe). + 4C,H.O. + 4KI = 2Zn,Cy.Fe + 
4KC,H,0, + H,Cy,Fe + I, 



ANALYSIS OP ZINC ORES, ZINC 
BLENDE, ETC. 

The ore is dissolved in hydrochloric acid, if it be 
b silicate or carbonate, and evaporated to dryness 
I separate the silica. If the ore is blende, it is 
dissolved in nitric acid, to which a few crystals of 
potassium chlorate are added from time to time. 
The solution is evaporated to dryness, hydrochloric 
icid added, and again evaporated to drive off nitric 



acid. The residue ia dissolved in a few drops of 
hydrochloric acid, diluted, and if metals precipitable 
by H,S are present, they art; removed by passing 
a stream of that gas through the liquid. To the 
filtered liquid ammonia is added until a heavy black 
precipitate is formed, and thia is re-dissolved by add- 
ing dilute HOI until the liquid is juBt distinctly 
acid. Any nickel or cobalt present remains undis- 
solved as black sulphide, and is filtered oflE and 
washed. The iron in the filtrate is oxidized by 
boiling the solution to expel any H,S remaining, 
and adding a few drops of nitric acid or some crystals 
of potassium chlorate. If the zinc ia to be estimated 
as sulphide, manganese as well as iron must be re- 
moved, and the solution is treated as follows : It is 
heated n<;arly to boiling, and sodium carbonate 
added until the solution is of darlt red color, but 
without any precipitate ; 2 gms. sodium acetate is 
then added, and the solution covered and boiled for 
16 minutes. The precipitate is allowed to settle, 
washed twice or three times by decantation, re-dis- 
solved in hydrocMoric acid, and re-precipitat«d in 
the same way. The two filtrates which must be 
colorless and free from iron, are united and evapo- 
rated to a small bulk, bromine is then added, and 
the solution covered and set aside for four or five 
hours in a warm place until the excess of bromine 
is driven off. K the solution has a pink tint, a part 
of the manganese is converted into permanganic 
acid. Tliis is destroyed by heating the solution 
with a few drops of alcohol. The solution is now 
filtered from the pi-ecipitated manganese oxides, 
and the zinc in the filtrate then determined. 



If the zinc is estimated as ferroeyanide, the man- 
ganese need not be removed, and the removal of the 
iron is effected as follows : Oxidize the iron by 
nitric acid or potassium chlorate as above, and then 
add ammonia in sufficient quantity to precipitate 
the iron and zinc, and re-dissolve the zinc. The 
solution is filtered, the precipitate washed bydecan- 
tation, re-dissolved in the least possible hydrochlo- 
ric acid, and again precipitated in the same way. 
The filtrates are united, evaporated until most of the 
ammonia is driven off, then an excess of HCl added, 
and the zinc estimated by potassium ferroeyanide. 
The object of dissolving the ferric oxide and re- 
precipitating is to separate the zinc which is at first 
carried down with it, and which no amonnt of wash- 
ing will remove. In re-dissolving, care should be 
taken not to use a large excess of HCl, as this gives 
rise to a large amount of ammonium chloride when 
neutralized, interfering vrith tlie accurate estimation 
of the zinc by potassium ferroeyanide. 
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CADMIUM. 

Estimation as Sulphide. 

The metal is precipitated as sulphide by passing 
a stream of H,S through the slightly acid solution. 
The precipitate is filtered and washed until the 
filtrate no longer colors solution of lead acetate. 
The precipitate and filter are placed in the stoppered 
bottle, Fig. 30, an excess of an acid solution of ferric 



Bulpliate added, and the air displaced by dropping 
n a yiyBtal of sodium bicarbonate. The stopper 
inserted, the filter and contents divided by shak- 
ng the bottle, which is thpn placed in water aiid 
lieated until the decomposition is complete, taken 
out, allowed to cool, and contents titrated with per- 
manganate. The decompoBition is Fe,(SOj, + CdS 
= 2PeS0, + CdSO. + S. 

c. c. -j% permanganate x -0056 = Cd 

ESTIMATION AS OXALATE. 

The process is the same as for zinc. The solution 
must be free from other metals precipitable as oxa- 
lates. 

c. c. ^ permanganate x -0056 = Cd 



MANGANESE. 

Manganese Oxides. 

The oxides of manganese are four in number, and 
have the following composition : 

MnO 
Mn,0, 
Mn,0. 
MnO, 

The manganons salts are formed by combi 
of the acids with the first of these oxides. 
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ESTIMATION OF MANGANESE. 109 

Besides these, we have two compounds of manga- 
nese with oxygen and hydrogen, which act like 
acids. The potassium salts of these have the com- 
position : 

KjMnO, potassium manganate. 
KMnO, ' ' permanganate. 



ESTIMATION OF MANGANESE IN MANGA- 
NOUS SALTS. 

As Manganous Oxalate. 

The manganese must "be in neutral solution ; if 
acid, sodium oxalate may be added in quantity 
sufficient to satisfy the mineral acid and set free an 
equivalent of oxalic acid, add oxalic acid in excess, 
and then an equal volume of alcohol. The solution 
is allowed to stand over night, filtered through 
asbestos, washed with alcohol, dried thoroughly in 
the air-bath, dissolved in dilute sulphuric acid, and 
titrated with permanganate. All other metals pre- 
cipitable by oxalic acid, calcium, barium, strontium, 
zinc, lead, nickel, cobalt, etc., must first be removed. 

C.C. -^ permanganate x -00275 = Mn 
" " " X -00355 =MnO 

" " " X -00435 = MnO, 



BY REDDCTION OF POTASSIUM FEltEI CYANIDE. 

When a manganous salt is mixed in the presence 
of ferric oxide, and at the boiling temperature with 



an alkaline solution of potassium ferriuyanide, tlie 
Ijotassium femcyanide is converted into ferrocy- 
anide, and manganese dioxide is pret^ipitated, 2K, 
FeCy, + 4K0H + MnSO. = SK.FeCy, + K,SO. + Mb 
O, -H 2H,0. The ferrocyanide formed can then be 
measured by means of fg permanganate, and the 
amount of manganese calculated from this. 

Dissolve the manganese salt in water or acid, add 
a few c. c. of a ferric chloride solution, and ponr 
into a boiling strongly alkaline solution of potas- 
sium ferricyanide contained in a ilask. After toil- 
ing a few miniites, the brownish black precipitatB 
becomes grannlai' and less bulky. Allow to cool 
completely, pour into a half litre flask, fill to the 
mark with water, shake, allow the precipitate to 
settle, take out a portion of the clear fluid with a 
pipette, acidify with H,SO„ and determine the 
amount of ferrocyanide contained in it by titration 
with YB permanganate. A small error is here intro- 
duced from neglecting the volume of the precipitate. 

If the estimation must be exact, the liquid, after 
boiling, is filtered into a half litre or litre flask, the 
precipitate thoroughly washed, the filtrate diluted 
to the mark with water, shaken, a portion taken out, 
acidified with sulphuric acid, and titrated. 

c. c. TTj permanganate x ■ 00275 = Mn ^H 

X -00355 = MnO ^M 

" " " X -00435 = MnO, ^ 

Certain precautions suggested by Fresenins should 
be attended to. 

1. There should be present one equivalent of 



aric oxido for every equivalent of manganese, but 
te ferric oxide should not be largely in excess of 
Ub amount. 

2. The aolution must not be boiled too long, since 
potassium ferricyanide be boiled for a long time 
ith potassium hydrate, a portion is converted into 

arocyanide. 

3. The potassium hydrate used must be free from 
^anic matter, and should be fused in a silver dish 

lefore being used, if there be any doubt upon this 
foint. 

4. The precipitate of MnO, must be thoroughly 
mshed. 



BY DIRECT TITKATION WITH PERMANGANATE. 

When permanganate is added to a neutral man- 

,nous salt at the temperature of 80°, the following 
eaction occurs, 2KMnO. + 3MnS0. + 2BC,0 = K,SO, 

6MnO, + 2H,S0.. 

The aolution containing the manganese must be 
ligely diluted, permanganate is added until the 
iquid above the precipitate which forms is colored 
Mntly pinkish by the excess of permanganate, 
lalts of iron and chromium interfere. 

c. c. ^permanganate x 00165 = Mn 
" " " X -00213 = MnO 

" " " X 00261 = MnO, 



ESTIMATION OF MANGANESE IN THE 
HIGHER OXIDES. 

By Distillation with Hydrochloric Acid. 

When the higher oxides of manganese are distiOed 
with hydrochloric acid, chlorine Is given off in an 
amount proportional to the excess of oxygen orer 
that necessary to form protoxide. 

MnA + 8HC1 = 3MnC!, + 4H,0 + 3C1 
Mn,0, + OHCl = 2MnCI, + 3H,0 + 2C1 
MnO, + 4HC1 = MnCl, + 2H,0 + 2C1 
K.MnO. + 8HC1 = 2KC1 + MnCl, + 4H,0 + 4C1 
KMnO. + 8HC1 ^ KCl + MnCl, + 4H,0 + 5CI 

The oxide to be estimated is placed in the flask a, 
Pig. 31, hydrochloric acid added, and the chlorine 
distilled into the U tuhe containing a solution of 
potassium iodide. The iodine is then estimated by 
adding starch and titrating with -f^ sodium thiosul- 
phate. 

c. c. fV thiosulphate x -01145 ^ Mii.0. 
" " " X -0079 =Mn,0, 

" " " X -00435 =MnO, 

" " " X . 004931 =K,MnO. 

" " " X -003163 = KMnO, 



BY DIGESTING THE OXIDE WITH OXALIC AND 
PHUBIC ACIDS. 



I 



When an oxide of manganese (with the exception 
of MuO) is digested with oxalic acid in presence of 
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free sulphuric acid, the oxalic acid is converted into 
carbon dioxide and water, and manganese sulphate 
is formed. 

Mn,0, + C,H,0« + 3H,S0, = SMnSO. + 2C0, 

+ 4H,0 
Mn,0, + C,H,0. + 2H,S0, = SMnSO, + 2C0, + 

3H,0 
MnO, + C,H,0. + H,SO, = MnSO, + 2C0, + 2H,0 
K,MnO. + 2C,H,0. + 2H,S0. = K,SO. + MnSO, 

+ 4C0, + 4H,0 
2KMnO. + 6C,H,0, + 3H,S0, = K,SO, + 2MnS0, 

+ lOCO, + 8H.0 

The finely-powdered oxide is treated with an ex- 
cess of oxalic acid, to which some dilute sulphuric 
acid has been added. After the oxide completely 
dissolves, the solution is diluted and titrated with 
permanganate. 

c. c. normal oxalic acid x • 1145 = Mn,0, 

" " " "X -079 = Mn,0, 

" " " " X -0435 = MnO, 

" " " "X -0493 = K,MnO. 

" " " " X 0316 = KMnO. 



BY DIGESTING THE OXIDE WITH SULPHURIC ACID 
AND AN EXCESS OP FERROUS SULPHATE. 

Mn.O. -1- 2FeS0, -i- 4H,S0, = 3MnS0, -i- Fe/SO,). 

-t- 4H,0 
Mn,0. + 2FeS0. -I- 3H,S0, = 2MnS0. -I- Fe,(SO,), 

-I- 3H,0 



MnO, + 2FeS0. + 2H,S0. = MnSO. + Ff,(SO.), 

+ 2H,0 
K,MnO. + 4FeS0. + 4H,S0. = K,SO. + MnSO. 

+ 2Fe,(SO,). + 4H,0 
2KMnO. + lOPeSO. + 8H,S0. = K,SO. + 2MnS0. 

+ 5Fe,{S0,), + 8H.0 

The ferrous salt may be either iron wire, dissolTed 
in snlphui-ic acid, or ferrous ammonium sulphate. 

Weigh the oxide of manganese, place in the flask 
Fig, 28, introduce the solution of ferrous sulphate 
with some dilute sulphuric acid, and pass a current 
of hydrogen or carbon dioxide through the appa- 
ratus. 

The flask is heated until the oxide is dissolved. 
the lamp taken away, the flask allowed to cool 
while the carrent of hydrogen is still passing, the 
cork removed, and the solution diluted and titrated 
with -^ permanganate for excess of ferrous salt 
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ESTIKATION OF MANGANESE IN SMAL 

QUANTITIES. 

Leclerc * boils the substance with nitric acid a 
lead peroxide, and determines the permangaot 

• Fres. Zeit. IZ, 308, 
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formed by titration with a normal solution of mer- 
curons nitrate in the cold. Cliatard * boils the sub- 
stance with nitric acid and lead peroxide, and titrates 
with a normal solution of ammonium oxalate. 

Pichardt employs the same method for the esti- 
mation of small quantities of manganese in iron and 
steel. Tile amount of manganese is, however, found 
by color comparison with a solution containing a 
known amount of potassium pennanganate. (See 
also Peters, Chem. News, sxxiii. 35.) 

These methods are only useful where small 
amounts of manganese are present. With large 
quantities, the conversion into permanganic acid is 
not complete. 



ESTIMATION OF MANGANESE IN ITS 
ORES, PYROLUSITE, BRAUNITE, ETC. 

The finely-powdi'red ore is first heated In an air- 
bath at 120° uutU it ceases to lose weight. The loss 
is moisture. As the powder absorbs moisture rap- 
idly by exposure to the air, it should be kept in a 
tightly-stoppered vial. When a portion is required 
for analysis, the vial is weighed, about the required 
amount poured out, and the vial re-weighed. The 
difference between the two weighings is the amount 
taken. Some manganese ores contain magnetic 
oxide of iron, and this dissolved in acid produces a 
ferrous and a ferric salt ; consequently neither the 
OEalic acid nor the ferrous ammonium sulphate 



• Fres. Zeit. II, SOS. t Comptes BenduB, 75. 1821 
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method will, in this case, give correct results ; as in 
additioQ to tlie permanganate required for the 
excess of oxalic acid or double iron salt, a portion is 
also used by the ferrous salt arising from the dis- 
solved magnetic oxide. 

Since the commercial value of manganese ore de- 
pends directly upon the amount of cidorine which 
it produces when heated with hydrochloric acid, it 
is always advisable to make the analysis by this 
method, which is described on page 112. If either 
of the other methods be used, the ore should first 
be tested with an astatic needle and the absence of 
magnetic oxide ascertained. 

ESTIMATION OF THE AMOTJMT OF ACID REQUIRED 
TO DECOMPOSE A MANGANESE ORE. 

One gm. of the ore is heated in a ilask with about 
10 c. c. of hydrochloric acid (sp. gr. about 1 ■ 1) until 
the ore is dissolved. The flask containing the ore is 
connected with an inverted condenser, so that the 
acid which volatilizes flows back, and only the chlo- 
rine ia expelled. The solution ia liltered, diluted to 
a definite volume, and a portion taken out with a 
pipette and titrated with Kieffer's Solution, for the 
free acid remaining. The strength of the acid used 
for dissolving the ore is found in a similar manner, 
and the difference gives the amount used. 



ESTIMATION OF MANGANESE IN SPIEGEL EIS] 



M 



Spiegel eisen is an alloy of manganese and 

bide of iron, and its value depends cliiefly upon the 
amount of manganese it contains. This may be 



letermined volametrically as follows ; 5 gms. of the 
Jloy, io fine pieces, is dissolved la nitric acid in a 
nail flask of hard glass, and evaporated to hard dry- 
iess, then heated until the bottom of the flask is dull 
red, and allowed to cool. The iron is now present 
t,B ferric oxide, and the manganese as Mn,0,. The 
Bmount of the latter cannot, according to Parry* 
and Galbraithjt Ise determined by the amount of 
iChlorine which it evolves, but the mixed oxides, when 
-treated with oxalic acid, evolve carbon dioxide in 
exact proportion to the Mn,0, present, according to 
the equation Mn,0, + C,H,0, + 3H,S0. = 2MnSO. 
+ 2C0, + 3H,0. The oxides are treat*;d in the flaek 
with an excess of oxalic and hydi'ochloric acids, 
and the carbon dioxide given off collected in a tube 
over mercury. The carbon dioxide is then absorbed 
by a little caustic potassa Bolution, and from the loss 
in volume, proper cori-ection for temperature, pres- 
snre, etc., being applied, the amount of manganese is 
calculated. Parry describes a special apparatus for 
the purpose, for a description of which, and further 
^detaUs, the original paper must b^; consulted. 

Galbraith X finds that the Mn^O, in the mixed ox- 
ides may also be determined by treating them with 
ferrous ammonium sulphate and acid in excess, and 
estimating the excess of ferrous salt by j-^ perman- 
ganate. Hydrochloric acid is added to dissolve the 
oxides after the addition of the double iron salt ; 
but this is objectionable where permanganate is the 
titrating fluid,, and sulphuric acid should be em- 
ployed instead, or bichromate used for titrating. 

liera. Nl-ws, ssU. 88. + Amt-riraa Cliemiet, i-i. 483. 
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IRON. 

laoN forms two series of salts, the ferrous and 
ferric, which by means of appropriate reagents can 
be converted one into the other. It ia upon this 
property that tlie volumetric estimation of iron de- 
pends. 

ESTIMATION OF FBKKOUS HALTS. 

By Potassium, Permanganate. — When an acid 
solution of a ferrous salt — ferrous sulphate, for ex- 
ample — is mixed with a solution of potassium per- 
manganate, the following reaction takes place : 

lOFeSO. + 2KMnO. + 8H,S0. = 6Pe,(S0,), + K,aO 
+ SMnSO. + 8H,0 

When the ferrous is completely converted iutofl 
ferric salt, a further addition of permanganate com- 
municates its pinkish tint to the solution. The fer- 
rous salt is strongly aciditied with dilnte sulphuric 
acid diluted (about a litre of fluid for 1, gm. iron) 
and permanganate nin in from the burette, with con- 
stant shaking, until the solution takes permanently a 
very faint pinkish tint. As the permanganate is 
added, the solution takes gradually a faint brown- 
ish tint from formation of raanganous and ferric sul- 
phates, but this does not interfere with the sharp- 
ness of the reaction. If the solution becomes brown 
and turbid during tlie addition of permanganate, 
this shows that sufficient acid has not been added, 
and the whole process must be repeated. 
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ESTIMATION OP FEllROUS SALTS IN lIY'DROCHLOltlC ACID 
SOLUTION BV MEANS OV PEKMANtJANATE. 

Liiwenthal aud Lensseii* have shown and Frese- 
nias lias confirmed their statement, that in presence 
of hydrochloric acid, ferrous salts are not acted 
upon by permanganate in strict accordance with the 
above equation ; the following reaction also taking 
place : 

KMnO. + 8HC1 = KCl + MnCl. + 4H.0 + 5C1 

The chlorine so formed does not act upon the iron 
in dilute solution. Further tlian this, the amount ot 
permanganate required varies with the concentration 
of the fluid amount of hydrochloric acid and tem- 
perature. The following process is recommended 
by Freseniua in presence of <;hlorine : 

" Standardize the permanganate by means of iron 
dissolved in dUnte sulphuric acid, make the iron 
solution to be tested up to i litre, add 50 e. c. to 
a, large quantity of water acidified with snlphuric 
acid, add permanganate from burette, then 50 c. c. 
of the iron solution, permanganate again, etc., etc. 
The irambers found the third and fourth time are 
taken. These are constant, while that obtained the 
first time, and sometimes also the second time, dif- 
fer. The result multiplied by 5 gives exactly the 
quantity of permanganate proportional to the 
amount of protoxide of iron present. 

Follenius + has tested the statement of Fii 
(in Rose's Analytische Cheraie) that hydrofluoric 

.Hclirift, 1,339. f Ibid. 11, 177 
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acid prevents the distorbiiig action of HCl, and find ^^ 
it to be entirely without foundation. It is byfarth^^ 
best plan, when solutions containing hydi'ocliloriC^^ 
acid are to bo titrated, to employ potassium bichro^ — ' 
mate as the oxidizing agent instead of permanganate, 
since it gives equally good results when carefully " 
executed, and is not influenced by hydrochloric acid 
iu dilute solution, 

.— ............ — ...4 

PREVIOUS TO TITRATION WITU PERMANGANATE. ™ 

Tlio best method of accomplishing this is by means 
of metallic zinc in acid (preferably sulphuric) solu- 
tion. The zinc employed for this purpose must be 
free from iron. It is best to employ amalgamated 
, zinc and small scraps of platinum, since this 
effects the reduction in a shorter time and 
with less consumption of zinc. The best form 
of vessel for effecting tlie reduction is shown 
I Fig. 3i). A few pieces of granulated and 
amalgamated zinc are placed in the bottom, 
and then a coil of thin platinum foil is placed 
Pia. 3B. above this in such a way that the vessel may 
be inverted without allowing the zinc to fall out. 
The solution containing the ferric salt is poured into 
this glass, some dilute sulphuric acid added, the 
vessel covered with a watch-glass and allowed to 
stand until a small drop taken out with a glass rod 
and tested with potassium sulphocyanide gives no 
red coloration. The solution is then poured from the 
vessel into a beaker, the vessel washed with watCKJ 
and the solution titrated with ^ permanganate. 



L with watCK^B 
uganatc. ^H 



A still better appai-atua for the reduction is a 
nail platinum disli into which the iron solution is 
cured, a small piece of amalgamated zinc added, 
pd the dish covered with a watch-glass. Reduc- 
on is very rapidly effected, owing to the large snr- 
iCe of platinum exposed. Sulphurous acid is 
ipmetiniea used for the reduction, but the solution 
nust be boiled for a considerable time before the 
excess is expelled, and it is not ao good as zinc. la 
some cases it is best to precipitate the iron aa sul- 
phide by adding first ammonia, then ammonium 
sulphide, filtering and washing the precipitate out of 
contact with the air, and d^eeting it with an excess 
of an acid solution of ferric sulphate, just aa zinc is 
eternained in a similar way. Id this case only one 
iird of the permanganate used must be counted, 
nee one equivalent ferrous sulphide produces threo 
ouiralents ferrous sulphate. 

FeS + Fe,(SO,), = 3FeS0. -I- S ' 

c. c. Vtt permanganate x -0050 = Pe 
" " " X -0073 = FeO 

" " " X -0080 = Fe,0, 

Uteation of ferrous salts by means of potas- 
sium BICHROMATE. 

When a ferrous salt is in contact with an acid so- 
Btion of potassium chromate, the chromic acid is 

dnced, a salt of chromium formed, and the iron is 
Onrerted into the ferric state. With bichromate, 

rroas chloride and hydrochloric acid, for example, 

e reaction is as follows : 6FeCI, -I- K,Cr,0, -I- 14 
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I HCl = 3Pe,CI. + 2KC1 + Cr.Cl, + 7H.0. The 
F ctromium chloride has a greenish color, whicli it 
imparts to the solution. Tlie end of the reaction is 
found by taking out a drop of the fluid, from time to 
time, and dropping it in a drop of fresli solntion of 
potassium ferricyanide on a porcelain plate. As 
long as any ferrous salt remains, a blue color (Tum- 
bul'B Blue) results ; but as soon as the ferrous salt 
is fully oxidized, a drop produces only a very faint 
dark-brown color with the ferricyanide. The meth- 
od is an excellent one, and the proper stopping 
point shown very distinctly by the ferricyanide. 
The quantity of the solution used in testing is bo 
small that it has no influence on the results. 

The ferrous compound is dissolved in hydrochlo- 
ric acid and ^ bichromate run in, testing from time 
to time as above directed. The blue color of the 
test decreases in intensity as the feiTous salt is oxi- 
dized, so that we can judge from the color how 
much to add before repeating the test. The method 
ia chiefly used when it is impossible to avoid the 
presence of chlorine in the solution to be titrated. 

EEDUOTION OF FERRIC SALTS PREVIOUS TO THB 
TITRATION WITH BICHROMATE. 

The following method, in addition to those given 

jpn page 121 may be used.* The solution containing 

out -5 gms. iron is diluted to 500 c. c. and heated 

*>oiling. Stannous chloride solution is then 

slowly, until a drop taken out gives only a 

k tint with a drop of potassium sulpho- 

* Chem. Npws, six. 331 ; Ibid. xxsl. ( 



iyanide. Three drops of standard bichromate are 
ihen added to the cold solution, and a drop again 
aken out and tested with potassium sulphoeyanide. 
L distinct access of color in this test, as compared 
with the last test made in reducing, ia accepted aa 
proof of the absence of stannous salt, and it only 
wmalna to complete the titration in the usual man- 
lier. The reduction cannot be performed by means 
df zinc, since zinc terricyanide is insoluble and ob- 
icures the end reaction. 

ESTIMATION OF IRON IN FERRIC SALTS. 

Sy Sodium TJdosulphate. — When a ferric salt ia 
treated under proper conditions with a solution of 
Ifiodinm, thiosulphate, a ferrons salt, and tetmthi- 
onic acid are produced— 8Na,S,0, + Fe,CI. + 2HC1 
= H,S.O, + 4NaCl + 2FeCl,. The solution must be 
tolerably concentrated, and must contain a slight 
excess of hydrochloric acid, but not sufficient to 
cause a precipitate of sulphur upon addition of the 
thiosulphate. 

A small quantity of a solution of pure copper sul- 
phate (1 c. c. of a 1 ;? solutiou) is added to the ferric 
Bait, and then a few drops of a solution of potas- 
sium sulphoeyanide, whicli colors the fluid intensely 
red. Sodium thiosulphate is then run in slowly 
from the burette. A few minutes should elapse af- 
ter each addition of thiosulphate. Wlien the color 
.communicated by the sulphoeyanide has disap- 
peared, a milkineas makes its appearance, due to 
cuprous sulphoeyanide, which is formed. Thia 
marks the completion of the reaction. The operator 



J3 very apt to overstep the mark, and the best plan is 
to add thiosuljjhate in very slight excess, and find- 
the amount in excess by adding starch, and titrating 
back with iodine. The method is tolerably goo^- 
and sufficiently accurate for technical estimations^^- 
but not entirely satisfactory where great exactnes^S 
is required. The copper sulphate is supposed by-^ 
Oudemans,* who tirst used it, to act by t^nsfeningS 
oxygen from the ferric salt to the thiosulphate. - 
The estimation may be made witliout adding it, if "^ 
the solution be heated to 40°. ^^ 

c. c, /tj thiosulpliate X -0056 = Pe ^H 

By Sian/wus CTtloride. — The ferric salt, in som^^ 
what concenti-attid hydrochloric acid solution, is 
heated, and the stannous chloride run in from a 
burette until the eolor haa completely disappeared- 
Tlie solution is then rapidly cooled by placing it in 
cold water, starch solution added, and the excess 
of stannous chloride found by -^^ iodine. 

With care the results are sufficiently accurate for 
technical purposes, and the method is to be com- 
mended on account of the great number of analyi 
which may be executed in a short time.f 

e. c. y'lj stannous chlonde X -OOSfi = 

Bp Digesting with Potassium Iodide.— 
potassium iodide is added to a solution < 
ing ferric chloride and an excess of hydrochl<W 
acid, the foUowiug reaction occurs : Fe,Cl, + S 
SFeCl, + 2KC1 + 21. 




125 

The iodine remains in solution in the excess of 
potassium iodide, and may be measured by ^ thio- 
Sulphatc. Ail other substances capable of liberat- 
!ing iodine from potassium iodide, must of course be 
absent. 

Tlie digestion with potassium iodide is best pt-r- 
forraed in the bottle, Fig. 30, at a temperature of 
M>°. The solution is kept at this temperature 15 
ninutes to half an hour. Before closing the bottle, 
it is well to displace the air by carbon dioxide, 
(pliich may be done by dropping in a crystal of 
odium bicarbonate. After the decomposition is 
teomplete, the bottle is allowed to cool, starch 
edded, and titrated with ^r thiosuiphate. The 
.anethod gives excellent results. 

c. c. ■£% thiosuiphate x -OOSB = Fe 



ESTIMATION OF FERROUS AND FERRIC SALTS IN A 
MIXTURE OF THE TWO. 

Dissolve the compound in hydrochloric or sul- 
"phuric acid in a flask through which a current of 
hydrogen or carbon dioxide is passing, cool the 
Solution, dilute it, and estimate the ferrous salt, if 
In hydrochloric acid solution, by means of bichro- 
mate ; if in sulphuric acid solution, by means of per- 
manganate. Dissolve a second jiortion of the sub- 
atance, reduce to the ferrous state, and then add per- 
manganate or bichromate until completely oxidized. 
ffhe first estimation gives the amount of iron present 
in the ferrous state, and the second the total iron, 
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Subtracting the first from the second gives the iroo 
present aa ferric salt. 



ESTIMATION OF SMALL QUANTITIES OF IRON.*^ 



\ 



Small quantities of iL__ _, .__ . 

great exactness by color titration with potassii-^ 
ferrocyanide. 

We need solutions of ^ 

1. Ferric Chloride — made by dissolving l-O''^^^ 
gms. iron wire in hydrochloric acid, oxidizing wi*^^_:r. 
nitric acid, and precipitating with ammonia. Tl":^ . 
precipitate is washed with hot water, dissolved S^ e 
hydrochloric acid, and diluted to a litre. ■ 1 c. c. C^ 
this solution = -001 gm. iron. If veiy small quanT^^, 
titles are to be measured, the solution may be mad* .f~^^ 
-jV the above strength, by diluting 100 c. c. to a litre^^" 

2. Potassium Ferrocyanide. -1 gm. salt to 20 c. c^^^ 
water. 

The solution in which the iron is to be estimated^^ 
is made up to 100 c. c. in a glass cylinder or large^^ 
test tube, and 1 c. c. nitric acid and 1 c. c. of the^^* 
potassium ferrocyanide solution added. 

In another cylinder of precisely the same shape, 
and made of the same glass, 100 c. c. of water are 
placed, and 1 c. c. nitric acid and 1 c, c. ferrocyanide 
added. The ferric cldoride solution is then run into 
this second cylinder until the color corresponds to 
that of the first. For every volume of ferric chlo- 
ride solution added to the second cylinder, we must 
add a like amount of water to the first, so that the 
volume of the two liquids shall remain the same. 

^^^^^^^ * CLetn, NesTB, x: 
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After each, addition of ferric chloride, the solution 
in the cylinder must be stirred by means of a bulb 
blown upon the end of a glass tube. The method 
is only accurate for the estimation of iron in verj 
small quantities. 



ESTIMATION OP IRON IN IRON ORES. 

Magnetic Iron. 

The iron is here present, partly as ferrous and 
partly as ferric oxide. The proportions in which 
the two are present, usually approach closely 
■ leqFeO = 37-03 ^ to leqPe,0, = 68-97 %. The 
amount of PeO is found by dissolving the finely- 
powdered ore in hydi'ocliloric acid in a flask 
through which hydrogen is passing, and titrating 
the solution with ^V bichromate. 

c. c. y-j bichromate x -0079 = PeO 

The percentage of FCjOj is found by dissolving a 
second portion of the ore in sulphuric acid, reduc- 
ing with zinc, and titrating with fi, permanganate. 
This gives the total iron, from which the ferrous 
oxide found is subtracted. If the ore is not 
easily soluble in sulphuric acid, it is dissolved 
in hydrochloric acid, the iron reduced to tlie 
ferrous state by means of sulphurous acid, and 
the total iron estimated by means of bichromate. 
The ferric oxide may also be estimated by dissolv- 
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I atmosphe^H 
ric oxide ^^M 



ing the ore in hydrochloric acid in an i 
of hydrogen, and determining the ferric < 
heating the slightly acid solution with potassium 
iodide in excess in the stoppered bottle, Fig. 30, 
and the libemted iodine found by ^^j thiosnlphate. 

c. c. y"ir solution X -0080 = Fe,0, ■ 

It frequently happens that magnetic iron ot6^ ' 
when dissolved in acid, leaves an insoluble residue 
containing iron. The amount of iron contained in 
this residue may be found by treating it in the 
ner of a silicate. (See below.) 



E-STIMATION OF IRON" IN SILICATES. 



1 



The estimation of the ferrous and ferric oxides 
silicates is best made by a method derised by 
Cooke.* He uses the apparatus shown in Fig. 35*. 
The copper water-bath in the centre is provided with 
tliree tubes, one connected with a Mariotte tlask to 
maintain the water at a constant level, a second to 
carry off the overflow, and a third which is con- 
nected with an apparatus for supplying a con- 
stant current of CO,. The water-bath has a groove 
around the upper edge, in which an inverted funnel 
is placed and the spray and condensed steam make 
of this a water-joint which is perfectly tight. 

The silicate in fine powder is mixed with hydro- 
fluoric and sulphuric arids, and the platinum cruci- 
ble containing it placed inside the funnel upon the 
water-bath. Water is then poured into the wal 



• Am. Jour, Sd. ad ser., xliv. 347. 



to the water^^ 



I joint, the funnel filled with carbon dioxide, and tlie 
■lamp lighted. As soon as the water boils, the cur- 
Irent of CO, may be discontinued, and the decompo- 
[■Bition allowed to proceed in the atmosphere of 
I'fiteani. The mixture may be stirred from time to 
I time by introducing a platinnm wire through the 
I neck of the funnel, and fresh acid may be added 
Ithrongh a funnel tube. Wlien the decomposition 
I complete, the lamp is removed, and CO, again 



mn through tin; apparatus. The tube of tlio llari- 
I otte flask is i-aised, nptil a current of water flows 
I through the water-bath, and quickly cools it to the 
I temperature of the air. The contents of the crucible 
I are washed into a beaker, dissolved in water, dilut- 
I ed, and titrated with ^ permanganate. Tlie total 
I iron in the solution may then be found by evaporat- 
5 to a small bulk, reducing with zinc, and titrat- 
; with permanganate. Subtracting from this the 
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; the iron^H 



iron present as FeO, we have remaining t 

tlie state of Fe,0,. _ 

The hydrofluoric acid of commerce generally con- 
tains sulpliurous acidj due to its having been pre- 
pared in leaden vessels. Before being used, this 
must be converted into sulphuric acid, by adding a 
solution of permanganate until a faint pink tint 
remains. 

Instead of hydrofluoric acid, finely powdered 
cryolite, free from iron, may be used.* 

Upon this subject see also Leeds, Fres. Zeit- 
schrift, 16, 323. ^M 

SPATHIC IRON. 

The purest spathic iron contains only ferrous car- 
bonate, and the iron may be estimated by dissolv- 
ing in sulphuric acid and titrating with permanga- 
nate. 

When a portion of the iron has been oxidized to 
Fe,0, by the action of the weather, it may either be 
determined separately, or the whole dissolved in 
sulphuric acid, reduced with zinc, and titrated with 
permanganate. 

CHROMIC IRON. 

The great diiEculty in the analysis of chromic i 
is to dissolve it perfectly. In all cases it is net 
sary that the ore should be ceryjinel]/ powdere 
that it has no gritty feeling between the teeth. 

• Wilbur and Whittlesej, Uhem. News, i 



GenWs Process. — Tlie following description of 

a metiiod is taken from Freseiiiua : 

"Take 0-5 gm. of the impalpable powder, and 
ISO in a capacious platinum crucible with 6 gm. 
ifiulphate of potassa for fifteen minutes at a tem- 
erature scarcely above the fusing point of the 
itter, then raise the heat somewhat, ao that the 
ottom of the crucible may just appear red, and 
jeep it so for fifteen or twenty minutes. The fas- 

5 mass should not rise higher than half-way up 

e crucible. The mass" begins to fuse quietly, and 
bundant fumes of sulphuric acid escape. At the 
Kpiration of twenty minutes the heat is increased 
s much as necessary to drive out tlie second equiv- 
lent of sulphuric acid, and even to decompose 
artially the sulphate of ii'on and chi'oniiuni. To 
lie fused mass now add 3 g^n. pure carbonate of 
9da, heat to fusion, and add in small portions 
■ora time to time during an hour 3 gm, nitre, 
laintaining a gentle red heat all the while ; then 

lat for fifteen minutes to bright redness. Treat 

,e cold mass with boiling water, filter hot, wash 
|le residue with hot water, then digest in the heat 
fjth hydrocliloric acid. If any thing remains uodis- 
Olved, it is a portion of the ore undecomposed, and 
rast be subjected again to the above operation. To 
reigh such a residue and deduct it from the ore 
rst taken is not good, as it never possesses the com- 
osition of the original substance." Evaporate the 
jlntion to dryness with au excess of sulphuric acid 
) drive off moat of the hydrochloric acid, dissolve, 
educe with zinc, and titrate with permanganate. 
'The alkaline solution, which often contains, be- 



sides the chromic acid, also some silicic, titanic, and 
manganic acids, and alumina, 13 evaporated witli 
exceaa of nitrate of ammonia on a water-bath nearly 
to dryness and till all the free ammonia is expelled, 
(_)n addition of water, tlie silicic acid, alumina, tita- 
nic acid, and sesquioside of manganese remain un- 
dissolved, while the chromic acid passes into solu- 
tion, and is determined" by precipitating with ^ 
lead solution. (See Chromium). 

BrlttorCs Process Modified. — 0-5 gms. of the finely 
powdered ore is mixed in a 'platinum crucible witi 
4 gms, of a mixture of 1 part potassium chlorate 
and 3 parts soda lime. The crucible and con- 
tents is ignited at a bright red heat for an hour and 
a half, and allowed to cool. The mixture does not 
fuse but sinters to a coherent mass, and may be 
shaken from the crucible into a beaker, leaving the 
inside of the crucible clean and bright. The mass 
is digested with hot water, and hydi'ochloric acid 
added until all dissolves with the exception of a 
few flakes of silica. Add solution of sodium 
hydrate, free from organic matter, until all the iron 
and a portion of tlie calcium are precipitated a^ 
hydrates ; wash the precipitate, dissolve it in sul- 
phuric acid, reduce with zinc, and determine the 
iron with permanganate. Acidify the filtrate with 
hydrochloric acid, add an excess of ferrous ammo- 
nium sulphate in known amount, and determine the 
excess by -^ bichromate. 

Dittmar's Method. — Five gms, of finely-powdered 
ore is fused with 5-6 gms. of a flux composed of two 
parts of borax fused with three parts of alkaline 
carbonates. The mixture of ore and flux is fused 



jior five mmutes in a covered crucible. The lid is 
iiien removed and tho mass lioatcd very Btrongly 
fvlth constant stirring until tlie ore has all dissolved, 
and the fusion is then further continued lor about 
three quarters of au hour. Oxygen is absorbed, and 
the chromium salt converted into a chromate. The 
fnsed mass is digested with water, heated over a 
water-bath, with the addition of a few drops of alco- 
liol, so as to reduce any manganata if present ; the 
liquid ia filtered, and the residue washed with hot 
■water. The solution is then added to an excess of 
■ solution of ferrous ammonium sulphate or iron 
wire in dilute sulphuric acid, and the excess of iron 
fbnnd by titrating with yV bichromate. 

estimation of the iron in cast iron and steel 
(mohr). 

The amount of iron in cast iron and steel is 
Qsnally determined by loss — the total percentage of 
Impurities being talien from 100. By the follow- 
ing method, which has some resemblance to Gay- 
Lnssac's silver assay, the amount of iron may be 
jbund directly with great accuracy. The amount 
<>f impurity in an iron seldom exceeds 5 per cent, 
and if we weigh out 1-05 gms. of the metal, we are 
Snre to have at least 1. gm. iron. 

1-05 gms. of the iron or steel is dissolved in hy- 
drochloric or sulphuric acid, in an atmosphere of 
ihydrogen, and 100 c. c. of potassium bichromate 
»olution added. The potassium bichromate solution 
Used is empirical, containing 8-785 gms. pure salt in 
the litre, and 1 c. c. being equal to 0-01 gm. iron. 



I 



I 

I 
I 




The amonnt bo added suffices to oxidize 1 gm. c 
the iron which was dissolved. The remainder ii 
estimated with a decimal solution of potassinn 
bichromate containing -8785 gm, per litre, adde^ 
from a burette, until a drop of the solution tested 
with potassium ferricyanide shows no bine color. 

Instead of the above bichromate solution we may 
use the ordinary decinormal solution, taking about 
■ 58 gms. of the impure metal for the analysis. 

To obtain the greatest accnraey by this method, 
attention must be paid to the precautions men- 
tioned under the head of Silver Alloys and Coin, so 
far as they relate to the manner of secoring tlw 
greatest uniformity in tlie amount of fluid delivered 
by the 100 c. c. pipette. The strength of the bichro- 
mate must of course be very carefully determined. 



^^ 



NICKEL. 
Ebtimation as Oxalate.* 



The nickel should be present as neutral sulphata 
Add oxalic acid in excess and concentrate the sola 
tion on a water-bath. Then add an equal voluiw 
of alcohol, and digest for about half an hour, replw 
ing the alcohol as fast as it evaporates. Collect th 
precipitate on a paper-filter, wash witli alcohol, drj 
and dissolve in dilute sulphuric acid. Cobalton 
sulphate is then added until the solution becom 
colorless, and then titrated with permanganate. 

• Amor. Jour. Sci. xW. 204 ; Chem. News, isil. 210. 




c c. TTT permanganate x -00294 — Ni 

Other metals precipitable hy oxalic acid must of 
course be absent. 

On the estimation of nickel see also Wicke, Fres. 
Zeit. 4, 424. 



Cobalt Sulphate. 

I Other sulphates must be absent. To convert 
©bait compounds into the sulphate, they ai>3 first 
converted into the sesquioxide by treatment with 
potassium hydrate and liypochlorite, the precipi- 
tate of Co,0, which is formed is washed, dissolved in 
sulphnric acid and heated to low redness till all 
excess of sulphuric acid is driven off. The sulphuric 
icid is then determined in this by ^ barium chlo- 
pde. (See Sulphuric Acid.) 

c. c. A barium chloride x -00294 = Co 



COBALT OXALATE.* 

L The solution must be neutral and free from other 
avy metals. Oxalic acid is added, and an equal 
'Volume of alcohol, then allowed to stand, filtered 
through an asbestos filter, and the precipitate washed 
with alcohol and dried. It is then dissolved in sul- 

tiuric acid, nickelous sulphate added until a faint 

• Amor. Jour. Bd. liv. 204 ; Chem. News, xiii. 210. 




smoky bine takes the place of the piukish color, and 
then titrated with permanganate. 

c. c. -fs permanganate X -00994 = Co S 

BY PERMANGANATE.* ' 

Moist mercuric oxide obtained by precipitation is 
added to tlie neutral or sliglitly acid solution, and 
then permanganate until the fluid above the pre- 
cipitate whicli forms is of a faint pinkish tint. To- 
wards the end of the reaction the precipitate con- 
sists of Co,0, and MnO„ and settles rapidly. The 
strength of tlie permanganate must be found by 
titrating against a weighed amount of pure cobalt 
salt. 

Manganese, organic matter, nitric acid, chlorine, 
or other oxidizing agents, must not be present. 
Small quantities of nickel liave no effect. 



CHROMIUM. 

Chromium is always estimated after previous con- 
version into chromic acid. This is easUy effected by 
fusing the substance with potassium carbonate and 

chlorate. 

ESTIMATION BY THE AMOUNT OF IODINE LIBERATED 
FROM KI. 

Bt/ Digestian. — Pour the solution of the chroraat« 
acidified by IICl in the bottle, Fig. 30, and add a 

* Frea. Zeitschiift, 3, 266. 



OHROHinH. 

sti-ong solution of potassium iodide, and, after 
pering tightly, heat gently for ten or fifteen minutes. 
Cool, take out the stopper, add starcli, and 
with ^ thiosulphate. 

By the amount of Chlorine esolved. — The 
mate may likewise be distilled with hydrochloric 
acid, the chlorine evolved received in a solution of 
potassium iodide, and the libei-ated iodine deter- 
mined by ^ tbiosulphate. With potassium bicliro- 
mate, the reaction is as follows : 



I 



K,CrA + 14HC1-2KCI + Cr,CI. + 7H,0 + OCI 

c. t\ thiosulphate x -001749 = Or 
' " " X -003549 = Or,0. 

' " " X -003349 = CrO. 



BstiTnaUon by adding an, excess of Ferrous Sail, 
and determining the excess. — The solution of fer- 
rous ammonium sidpliate may be used for this pur- 
pose, or a weighed quantity of the double salt or of 
iron wire may be dissolved and added to the ciiro- 
mate. If the iron salt is in excess, a drop dipped 
outi with a rod will strike the blue color with potas- 
sium ferricyanide. The excess of ferrous salt is 
then estimated by bichromate. (See Iron.) 

By precipitation as Lead C7tromate.—The solution 
must not contain a large excess of free acid. A 
quantity of sodium acetate is added, more than 
sufficient to saturate the mineral acid and set free 
an equivalent of acetic acid. Lead acetate is then 
added, the solution filtered through a funnel with 
a plug of asbestos in the neck, and the lead chro- 



[- stop- ^H 
nutt^. ^M 
titrate ^M 

: chro- ^1 

I 



mate washed. Tlie asbestos containing the chro- 
niate is then transferred to a flask, the funnel washed 
into the flaak, hydrochloric acid and ferrous salt in 
excess added, and the excess of ferrous sulphate 
added determined by bichromate. The lead chro- 
mate is decomposed by the feirons salt somewhat 
slowly, and it is best to heat the flask and conduct 
a stream of 00, or H through it during the digestion. 
The precipitated lead chromate may also be 
digested with KI in the stoppered bottle, Fig. 30, 
and the iodine measured by -^ thiosnlphate. 

c. c. -^ thiosnlphate x -003349 = CrO, 

By precipitation as Lead Chromate with StaTidari 
Lead Solution. — -This precipitation is the I'everse of 
that used in the estimation of lead, and the solutions 
employed are the same. Tlie chromic acid should 
bo in acetic acid solution, and should contain an ex- 
cess of sodium acetate. 



'■■6' '■"■ 
I hydrati 

L 



ALUMINUM. 

Alumih"UM can only be estimated TOlnmetrically 
wlien it occurs as potassium or ammonium alum. 
The alum must not contain an excess of acid. 

Barium chloride is added until the sulphnric acid 
is completely precipitated, and then, without filter- 
ing, litmus added, and normal ammonium or sodium 
hydrate run in until tlie color changes to bine. 



normal alkali x -01708 = A1,0, 
" " X -lo813 = Cry8t 



t K aluiiL.^^H 




I Mat be estimated, like iron, by reduction with zinc 
I to the uranous state, and then oxidizing with per- 



By precipitation with the standard solution of 
phosphoric acid ; the process being the reverse of 
that used for the estimation of phosphoric acid. 



Tin is estimated in the form of stannous chloride. 
Jt may easily he brought into this condition by 
|»recipita.ting the metal from the solution containing 
H by means of pure metallic zinc, washing the 
finely divided tin, and dissolving in strong hydro- 
Bhloric acid in contact with pieces of metallic 
idatinum in an atmosphere of hydrogen, or carbon 
dioxide. A solution of double potassium and 
idJum tartrate (Rochelle salt) is added, and then 
strong solution of sodium bicarbonate, until the 
«olntion is alkaline. If the solution becomes cloudy 
^pon addition of the sodium bicarbonate, more 
Jlochelle salt must be added. Starch solution is then 

• See Belolionbek. Fres. Zeit. 6, liM ; 16, 104 ; Follenius, FreB. Zeit. 

1, 179, Gods that HCl has the same influence na witli iron salta, and 

»hen it is uimvoidabiy present, tlie Bftmn proceas may be need ; nnmely, 

tttrating-a portion o( llie Holution, adding a second portion, titrating 

; »g»in,etc 



1 



Tonrmrntii" 



addi^l, ami -^ iodine aoiutioa from a Irarette until 
the blue cnlor appears.* 

c.c. ^ iodine x ■<)059 = Sn 



TITAISTITM. 

TrTASim is most frequently met with as titanic 
oxide TiO^ aad may be estimated as follows : 

Fuse the tinely-powdered oxide with 8-10 times 
its weight of pota»siam or sodium bisnlphate, 
aad allow to cool completely. Place the fused mass 
together with the crucible, in 2l>0-3iXf c. c, of water, 
add some dilute H,,SO, and allow it to stand imlfl 
it dissolves. Some pieces of amalgamated zinc and 
piationm scrape are then placed in the solntioD, and 
reduction allowed to pnx'eed in the cold. The 
titanic oside b. after a considerable lapse of time 
— twelve to eighteen hours — converted into titanons 
oxide Ti,0,. After the reduction is complete, the 
solution is poured into a beaker, and titrated with 
permanganate, t 



• Dpon the e«imalion of tin mw a!*, tdohi, Vierte AoflAge. 335, 264, 
!M, 31 1 ; QoppelerOder and Trechsel, Fref. Zeit. Ill, 3S4. 

+ It the sobet&ura be liitnitemua iron ore, or U the titanic oxide 
oniains iron, this loo will be noticed by the zinc kod oxidiied bj 
pennnDgaD&ie. In lucli cases, a part of tbe solatioa is reduced with 
RnlpliDfiaH acid and lilrat«l, then an eqnal portion bj means of line. 
In the lint case, the iron alone. Id the second, both iron and TiOi are 
reduced, and by eDbtraction the permanganate equivalent to the TiO> 
preaent <b found. 



tfnO. + 5Ti,0, + 3H,80. = K,SO. + 2MnS0. + 
lOTiO, + 3H,0 



nJSj^ 



c-C!. ^ permanganate x -0050 = Ti 

" X -0082 = TiO, 



MOLYBDENUM AND TUNGSTEN. 

loLTBDKNt'M usuaily occurs aa molybdic acid, 
p, or as a molybdate. This is dissolved in dilute 
phuric acid, reduced with amalgamated zinc, like 
L and titrated with permanganate. The supposi- 
I has been that the MoO, is reduced t« Mo,0, by 
pane* According to Werncke,t however, the re- 
Baon is not complete ; but if the results be caleu- 
Ed upon the supposition that an oxide having the 
^position Mo„0„ is formed, nearly correct re- 
8 are obtained. It is impossible to specify any 
I for the complete reduction, as this depends 
the dilution, temperature, etc. The results 
1 "by Wemcke show that the method is scarcely 
worthy. The same may be eaid of a similar 
less for Tungsten. 



ARSENIC. 

JTIMATION OF AbSENIOUS OxIDE BY lODINE. 

THEif arseniouB oxide in alkaline solution is 
ted with iodine, it is oxidized to arsenic oxide. 

• Frei. ZeitBCbrif I, 4, 420 ; S, 303. f Ibid. 14, 1. 
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VOLUMETRIC ANALYSIS. 

Afl,(>. + 2H,0 + 41 = A8,0, + 4HI 

Ef tlie solution ia acid, it is neutralized bv means 
of soiliiim (iarbonate, and then 90-25 c. c. of a satn 
mt.'d aolutioii of sodium bicarbonate added for 
«c«ry 1 (^. A3,0. in solution. Starch is then added 
and fo ludine rna in from a burette, until the bine 
ooloc remaina permanent. 

c. c. -^ iodine x 00495 = As,0, 

By diatillation with chromic acid.' When potas- 
aium bichromate is boiled with hydrochloric acid, 
chlorine is given off in accordance with the following 
reaction : 

K,Cr,0, + 14HC1 - 2KCl,Cr + 7H,0 + 6C1 

One molecule CrO, giving 3 atoms chlorine. If ar- 
senioua oxide be present, it is oxidized to arsenic 
oxide at the expense of a part of the chlorine and 
less is therefore given off. As,0, + 4C1 + 2H,0 
= A3,0, + 4HC1. The excess of chlorine evolved 
froiQ a measured quantity of bichromate over 
that required to oxidize the arsenious to arsenic 
oxide ia received in a solution of potassium iodide, 
and the iodine titrated with ^ thiosulphate. If 
we let rt represent the c. c. of ^ bichromate taken, 
and b the c. c. of -^ thiosulphate used, ^^ 

a-b X -001958 = As ^M 

I a-b y. -00495 = A8,0. ^| 

^^^ * Anoftl. d. Cliem. n. Plurai. 86. 290. ^| 



ESTIMATION OF AR8ENIC OXIDE.* 



ARSENIOns SULPHIDE. 

Freshly precipitated arsenious sulphide may be 
dissolTed in ammonium carbonate and some precipi- 
tated bismuth subnitrate added, and the solution 
boiled. By this process the sulphur is completely 
removed, and arsenious oxide remains in solution. 
The liquid is filtered from the bismuth sulphide pro- 
duced and the arsenious oxide in the filtrate mea- 
sured with -nr iodine. (Mobr.) 

k 

r Arsenic acid forms, with uranium nitrate or ace- 
tate, a salt analogous in composition to uranium 
phosphate, having tlie formula 2Ur,0„As,0i. This 
salt, like the phosphate, is insoluble in water and 
acetic acid. The estimation is made in precisely 
the same way as for phosphoric acid. As in the 
estimation of phosphoric acid, a correction must be 
jjplied for the bulk of liquid and amount of ao- 
inm acetate and acetic acid used. The end of the 
paction is found by taking out a drop of the liquid 
nd placing in a drop of potassium ferrocyanide, 
fhen, if an excess of uranium be present, a reddish 
rown line is formed at the junction of the two fluids. 
Arsenic acid, like phosphoric, may be precipi- 
,ted by magnesium mixture, and the precipitate, 
fter being washed with alcohol, suspended in water 
nd estimated with normal acid-f (See Magnesium, 
nd Phosphoric Acid.) 

c. c, normal acid x -0575 = As,0, 

Annal.d.Cliem. u. Pharm.llT, 1B5. f StuIK Frcs. Zeit. 16,100. 



ESTIMATION OF ARSENIC IN SMALL QUANTITIES.* 

Tliia mtithod may be used according to Honzean, 
for the estimation of arsenic and antimony in cases 
of poisoning. The substance containing them is 
placed in a Marsh's apparatus, and the gas gireit 
off pasBod into a measured amount of a solution of 
silver nitrate. A part of the silver is converted into 
arsfjnide or antimonide, and after filtration the re- 
mainder may bo estimated by fg sodium chloride. 
(See Silver.) 



ANTIMONY. 

As Antimonioita Potassium Tartrate, — When 
iodine Is added to a solution of tartar emetic, the 
following reaction is supposed to take place 

2C.H,K(SbO)0, + 3H,0 + 41 = 3C,H,K0, + Sb.( 
4HI 






The reaction only takes place with regularil 
however, in an alkaline solution ; if the solution 
acid, the amount of fi-ee acid as well as the dilution 
influences the result. Antimonious compounds 
may be converted into tartar emetic by digesting 
with tartaric acid and then adding sodium bicarbon- 
ate to alkaline reaction. Antimonious sulphide is 
dissolved in hydrocldoric acid by the aid of heat, 

• Comp. Bend. Iixv. 1823; Chem. News, «t11. 74. 



lartaric acid added, and then eodium bicarbonate to 
llkaline reaction, as above. 

After bringing the antimony into alkaline solu- 
aon, add starch solution, and then ^s iodine, until 
blue color ia persistent for a few minutes. 

c. c. fW iodine x -0061 =; Sb 



BISMUTH. 



' By Precipitation as Chromate {MoTir). — The 
betal must be present as nitrate and must be free 
■om chlorine. If not already in solution, it is dis- 
Bolved in nitric acid, then ammonia added untQ a 
alight precipitate forms, and then dilute nitric acid 
until this is dissolved. Potassium bichromate is 
^added in excess, and the solution heated until the 

jcipitate subsides. The clear fluid is then tested 
iirith ammonia and potassium bichromate, and if 
Neither of these produce a precipitate, the entire 
(olution ia poured upon an asbestos filter and 
irashed with hot water. The precipitate and filter 

i then transferred to a flask, a weighed amount 
t ferrous ammonium sulphate and some sulphuric 
ieid added, and the flask gently heated, while a 

ream of carbon dioxide or hydrogen is passing 

■ongh it. The excess of ferrous salt is then found 

T titration with permanganate. 

Fe X 1-3:38 = Bi 



By Precipitation with Standard Bichromate. 
The metal must be iu nitric acid solution 
contain no chlorine, nor other metals. Sodium 
acetate is added to the solution, untU a copious 
white precipitate is thrown down. Acetic acid is 
then added in quantity sufficient to dissolve the 
precipitate completely and to insure that when the 
liquid is made up to a fixed volume, say to 250 c. c, 
no precipitate shall be formed. A certain volume 
of this liquid is withdrawn by means of a pipette, 
placed in a beaker and heated to boiling. The 
potassium bichromate is then gradually run in from 
a burette, the liquid being boiled between each ad- 
dition of the solution, until a drop of the supemar 
tant liquid gives a faint reddish brown coloration 
when spotted with silver nitrate on a white slab. 
The strength of the potassium bichromate is best 
found by titrating in a similar way against a known 
amount of bismuth. A convenient strength of bi- 
chromate is 10 gms. per litre. 



By Iodic Add.f 



J 



The bismuth must exist as nitrate ; sodium bw 
bonate is added until a precipitate is formed, 
this is dissolved by adding acetic acid. The fluid is 
then heated to boiling and filtered if necessary ; 25 
c. c. of a solution of iodic acid (made by dissolving 
30 gms. crystallized acid iu a litre) are then added 
and the solution made up to 250 c. c. After it Las 
stood some time, it is iiltered through a dry filter, 

• Jonr. Cliem. Soc. vol. 1, 1876, p. 483 ; Ibid, vol, 3, 1877. p. 058, 
t Manit. ScientlBquQ, 8d eer. 111. flOO. 



100 c. c. taken out by meaQS of a pipette, potaBsium 
iodide and dilute sulphuric acid added, and the 
iodine set free estimated by starch and sodium thio- 
Bulphate. 

A portion of a solution of bismuth uf known 
strength is then titrated as above directed, and from 
Ihe data obtained the precipitating power of the 
£odic acid solution found. 



■Estimation of Lead Oxide and CAEBONA'fi 

Mat be estimated by dissolving them in a mea- 
Bared quantity of normal nitric acid and estimating 
the excess of acid by means of normal sodium car- 
bonate. As soon as the free acid is completely 
saturated, further addition of sodium carbonate 
tama the fluid milky from separation of lead car- 
bonate. Or, 

Dissolve in an excess of normal nitric acid, add 
isnfficient neutral potassium sulphate to precipitate 
nil the lead, and then, without filtering, add litmus, 
Ktid estimate the excess of nitric acid by normal 
Vlkali. 

c. c. normal nitric acid x ■ 10346 — Pb 
" " " " X -11146 = PbO 

Soluble salts of lead may be converted into car- 
bonate and then estimated as above by adding a 
Blight excess of ammonium carbonate to the watery 



solution and waBbing the precipitated carbonate 
with hot water. 



iQ^^I 



IIY DIGESTION OF THE CHROMATE WITH A FERR01 
SALT.'' 

If the lead salt be acid, sodtam acetate is added 
in sufficient quantity to saturate the mineral add 
and set free an equivalent of acetic acid. Potassium 
bichromate is added to the warm solution, and the 
precipitated chromate collected on an asbestos filter 
and washed thoroughly with wai-m watisr. The pre- 
cij)itato, together with tlie asbestos, is placed in a 
flask containing a weighed quantity of ferrous am- 
monium sulphate, or iron wire dissolved in dilute 
sulphuric acid, and the solution heated, while a 
current of hydrogen or carbon dioxide is passing 
through the flask, until the chromate is completely 
decomposed. Lead sulphate is formed which is 
white, and the solution takes a greenish tint from 
the chromium sulphate which is formed. The e.x- 
cess of ferroTis salt is estimated by ^s permanganate 
or bichromate. Pe x 1-2315 = Pb. ^M 

ESTIMATION BV STANDARD POTASSIUM BICHROMATE. 

The solution of bichromate used for the prectpita^ 
tion is the same as that used for the estimatioajj' 
barium containing 7-3808 gms. of the pure s 
litre. 

A second solution containing an equivalent qd 

• Seo also Hinman, Sillinmn's Jour. mi7, p. 478. 




ty of lead is convenient where, as sometimes hap- 
pens, the proper point is oyerst«pped in adding the 
Mchromate. This solution may tw made by dis- 
Bolving 16-546 gms. pure lead nitrate in water and 
diluting to a litre. 

The lead solution must not contain much free 
acid. Sufficient sodium acetate is added to saturate 
the mineral acid and set free an equivalent of acetic 
acid. The above solution of bichromate is then 
added from a burette until all the lead is precipi- 
tated. This point is found by taking out a portion 
of the liquid from time to time by means of the 
filtering pipette and testing the clear liquid with a 
drop of bichromate. If the proper point is over- 
stepped, a few c, c. of the lead solution are added 
and then the analysis completed as before. Tlie 
Head chromate is very insoluble in water and acetic 
ftcid and the end of the reaction is very sharply 
•defined. Moderate quantities of sulphuric and hy- 
drochloric acids do not interfere, since sodium ace- 
tate dissolves lead chloride and sulphate. 

Schwara * uses a neutral solution of silver nitrate 
to find the ending of the reaction. As soon as an 
excess of the bichromate has been added, a drop of 
the solution tested on a porcelain plate with a drop 
of the silver nitrate shows the red color of silver 
chromate. Silver chromate is not entirely insoluble 
In free acetic acid, however, and if chlorine is pre- 
«CTit, this indicator cannot be used. 

c. c. ^ bichromate x 010346 = Pb 
" " " X -011146 =PbO 



Zaitselirift, 2, 37a 
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Estimation with Potassium Iodide and Sodtpm 

TlIIOSULPIIATE.* 

When a solntion of cupric sulphate is added to 
potassium iodide, the following reaction occurs : 

2CuS0. + 4KI = Cu,I, + 2K,S0. + 21. 

The cuprous iodide precipitates, and the iodine is 
titrated by -^ thioaulphate. The solution of copper 
should be in the form of sulphate — nitric and hydro- 
chloric acid must not be present. The solution 
should be so strong that 1(X) c. c. contain at least 
1. gm. copper. Copper may be changed into the 
torm of sulphate by precipiteiting as sulphide in hot 
Xpolution by H,S dissolving in nitric acid, and 
■ating the solution to dryness after adding 
*Bttlphuric acid and sodium sulphate. 



thiosulphate X -006317 = Cu 
X -007917 ^OuO 



BY PRECIPITATION AS CUPROUS OXIDE. 







Rthe solution of copper, tartaric acid is added, 

1 sodium hydrate until the solution is of a 

fc Wue color, grape or starcli sugar ia then added, 

Uhe solution heated to 90", until all the copper 

■pitatod as Ca,0, and an excess of. grape 

" ^ns in solution. Tlie solution must not 

Q. Pharm. 91 , 337. 



be heated above 90°, The precipitated oxide mnst 
then be filtered through a fuunel containing a 
plug of asbestos in the neck, washed out carefully 
with hot water, and the asbestos and cuprous oxide 
together tiansferred to a tiask containing an acid 
solution of ferric sulphate. The solution is heated 
until the cuprous oxide is completely dissolved, and 
the resulting ferrous sulphate titrated with perman- 
ganate. While the cuprous oxide is dissolving, a 
stream of carbon dioxide or hydrogen should be led 
through the tIask to prevent oxidation of the ferrous 
Bait which is formed ; the reaction is as follows ; 

Cu,0 + Pe,(SO.), + H,SO, = 2CuS0, + SFeSO, + H.0 

c. c. YTT permanganate x -(Xieai? = Cu 
" " " X -007917 ^CuO 



BY PHECIPITATION AS METALLIC COPPER. 

The copper is precipitated from its solution, which 
must contain no nitric acid noi" any other metal pre- 
cipitabie by zinc, by plachig a piece of pure metallic 
zinc in the solution. As soon as precipitation is 
complete, the strip of zinc is removed, and any cop- 
per which adheres to it carefully washed oif. The 
Bpongy mass of metallic copper is then washed 
either by decantation or upon the asbestos filter 
placed in a flask containing an acid solution of 
ferric sulphate, through whicli a stream of hydro- 
gen is passed, and heated until the copper has com- 
pletely dissolved. 



Cu + Pe,(SO.). = CuSO. + SFeSO^I 

c. c. ^ permanganate x -003158 - 
" " " X -003958 = CuO 



BY MEANS OF POTASSIUM CYANIDE. 

Wlien potassium cyanide is added to the 1 
ammoniacal solution of a copper salt, the Bolntion 
loses its blue color, and copper and ammonium 
cyanide is formed. Cyanogen is also libei-ated, 
which reacts on the free ammonia, producing urea, 
urea oxalate, ammonium cyanide, and formate 
(Liebig). The reaction varies wiUi the amount of 
free ammonia, ammoniacal salts, the concentration 
of the solution, and the temperature. The process, 
therefore, is worthless, unless all analyses made by 
it can be done under the same conditions. Manga- 
nese, nickel, cobalt, mercury, silver, and lai^ quan- 
tities of zinc must first be removed. The value of 
the potassium cyanide solution changes from day 
to day, and must be determined afresh before every 
series of analysis by means of a standard solution 
of copper sulphate containing 39-356 gms. CaSO, 
+ 5H,0 per litre. 1 c. c. = -OlOu. 



BT SODIUM SULPHIDE, 

niacal 8ohdion.—'\!\\Q ammoniacal solu- 

j heated to 60° to 80° — between these 

Ran oxysulphide is precipitated, 5CnS, 

B ordinary temperature CuS f^llB, 

V subside so readily as the oxysul- 



phide. If the precipitation is conducted at a higher 
temperature, another oxysulphide containing more 
oxygen is precipitated, and copper may remain in 
solution without coloring the fluid. The solution is 
.placed over the lamp in a flask, and a thermometer 
inserted in the liqmd ; when the temperature reaches 
76° the lamp ia withdrawn and sodium sulphide 
;^ded from a burette, shaking and allowing the fluid 
to clear, after each addition, until the blue color has 
eompletely disappeared. Or— as suggested by 
Motir — until a drop of the solution taken o\it with 
a glass rod and placed upon filter-paper gives the 
T)lack ring with the alkaline lead solution. In the 
latter case, the precipitation is made at ordinary 
temperatures, as in the case of zinc ; and the same 
correction must be made here as there, for the excess 
jof sodium sulphide necessary to show the reaction 
■with the alkaline lead solution. 

In Acid Solution. — Tlie solution is diluted with 
liot water to about 200 c. c. in a stoppered flask 
(BOO c. c.) acidified with HCl, and the sodium sulphide 
xun in, replacing the stopper and shaking after each 
Ifcddition. The copper sulphide produced sepai-ates 
lapidly and leaves a clear solution above it. The 
^dium sulphide is added until no further precipitate 
is produced. The sodium sulphide decomposes 
^owly, and its strength is determined by means of a 
Solution of copper sulphate containing 39-356 gms, 
jCnSO, + 5H,0 per litre. The determination of the 
strength of the sodium sulphide must of course be 
Hiade as it is to be used ; if the copper is to be de- 
termined in acid solution, the copper sulphate taken 
ibr the determination must be acidified. If, on the 



contrary, the estimation is to be made in an ammo- 
niacal solution, the copper sulphate taken ia made 
strongly ammoniacal. ^B 



ESTIMATION OP COPPER IN SMALL QUANTITIES.* 

The solutions required are as follows : 

Solution of copper sulphate. Made by dissolving 
■ 3935 gms. CuSO, + 5H„0 in a litre of water -Ice. 
= -0001 gm. Cu. 

Solution of ammonium nitrate. 100 gms. of the 
salt in a litre. 

Solution of potassium ferrocyanide. 1 part salt 
to 36 parts water. 

The solution containing the copper whose amount 
ia to be determined is placed in one of two cylin- 
ders holding rather more than 150 c. c, (the point 
corresponding to that volume being marked on the 
glass) and diluted to 150 c, c. ; 5 drops ferrocyanide 
and 5 c. c. of ammonium nitrate are then run into both 
cylinders, the second cylinder then filled to the 150 
c. c. mark with distilled water, and the standard cop- 
per solution run in from a burette untU the tint is of 
the same depth as that of the solution in the first 
cylinder. The purple brown ferrocyanide is pro- 
duced in very dilute solution, showing 1 part copper 
in 2,5011,000 parts water. The ammonium nitrate is 
d to increase the delicacy of the reaction, which 
•inhanced by other neutral salts, as potassium 
^d am:monium chloride. The results are 
^ite with small quantities of copper, 

• Cliem. NewB, imU. 308. 



^ganic matter, such as sugar, etc., and lead, in not 
Do large amount, do not influence the color, 

EeXIMATJON OF COPPER IN COPPER ORES (MOHR). 

The ore is finely pulverized and f) gin. weighed 
Into a porcelain crucible, (100 m. m. diam.) covered 
liith a watch-glass, strong nitric and a little sul- 
(huric acid added, and the whole evaporated to 
liyness and heated until any nnoxidized sulphur 
a bumed off. ^fter the crucible has cooled, add 
yann water and a little sulphuric acid, heat to boil- 
ng, and pour the clear fluid on a filter : leaving all 
he undissolved portion in the crucible. To this 
[ndissolved portion add nitric and sulphuric acid 
jgain, and evaporate to dryness as before. If the 
^ was finely pulverized, two evaporations suffice. 
3ie residue is treated with water and sulphuric 
cid as before, heated to boiling, and filtered through 
^e same filter. "We can now proceed in two ways ; 
1, The copper is precipitated as sulphide in hot 
blution, the copper sulphide collected on a filter, 
md washed. A hole is then punched through the 
Qter, the sulphide washed into a porcelain crucible, 
aid evapoi-ated to dryness with nitric acid, a little 

.phuric acid, and a few crystals of aodiani sul- 
The residue is dissolved in water in the cru- 

ile, and the copper estimated with potassium 

"ide and thiosulphate by the method given page 



[ 2. To the solution containing the copper a piece 
f pure metallic zinc is added, and the solution al- 
lowed to stand over night. The copper is completely 
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precipitated in the metallic Btate. The remaining 
piMe of zinc is carefully cleaned from particles, 
copper washed eitiier by dwantatiou or upon an 
asbestos tilter, and the copper estimated by dissolv- 
ing in ferric sulphate and determining the ferrous 
salt produced. (See page 151.) 

Gold, silver, platinum, tin, lead, iron, zinc, nickel, 
cobalt, bismuth, arsenic, mercury, molybdenom, 
and antimony do not interfere with the accuracy 
of the process, 

STEINBECK'S PROCESS. 

5 gms. of finely-powdered ore are put into a flask 
with 40 to 50 c. c. crude hydrochloric acid (sp. gr. 
1-16) and C c. c. nitric acid (prepared by mixing 
B acid sp. gr. 1-12 with its own bulk of water). 
B containing much suljihnr or bitumen must be 
I before being treated with acid. The tlask is 
\">d on a sand-bath for half an hour, and then 
d for 15 minutes ; then filtered into a large beak- 
l the residue washed with water. A rod of 
sighing about 50 gms. and as free from lead 
ible, is surrounded with a stout piece of 
'™ ^oil and immersed in the copper solution, 
ecipitation is usually complete in about half 
••"■ The precipitate of metallic copper is col- 
together with the platinum foil upon which 
has deposited, and if it amounts to 6% of the 
own approximately from its bulk), dissolved 
* rS^^^ nitric acid before mentioned. If 
" %% it is dissolved in 16 c. c. nitric acid, 
c- c. and ^ taken. To the solution of 



«opper 10 c, c. ammonia solution (prepared by mix- 
jing one volume sp, gr. ■ 93 with two volumes water) 
IB added, and the fluid titrated with potaasium cya- 
nide until the blue color hae disappeared, (Compare 
page 152.) 



ESTIMATION OF MERCURY IN MEECUEOUS 8ALT9 BY 
PEECIPITATIOS A8 CHLORIDE. 

To the solution, which must contain all the mer- 
cury as mercnrouH salt, -fg sodium chloride in excess 
is added. Tlie precipitate is washed wi th water, and 
to the fllti'ate a few drops of potassium chromate 
added. If the solution is acid, the color is immedi- 
ately changed to red, and sodium carbonate must be 
added until the fluid reacts neutral, or faintly altia- 
line, to test-paper. The excess of -^ sodium chlo- 
ride is then measured by titration with ^ sliver 
nitrate. (See Chlorine.) 

c. c. t\ sodium chloride x -0200 = Hg 
" " " " X ■0208 = Hg,0 

ESTIMATION OF MERCITROUS CHLORIDE (lIEMPEL). 

Potassium iodide and -^ iodine are added to the 
mercurous chloride, until it is completely dissolved. 
Starch is then added, and the blue color taken away 
by -^ thiosnlphate and lastly -^ iodine is again add- 



ed until the blue color once more appears. Sub- 
tract tte c. c. of thiosulphate from the total iodine, 
and the remaining c, c. will be a measure of the 
mercury. 

c. c. -^ iodine x -0200 = Hg 
" " " X -02709 -^HgCI, 

Mercurona salts may be converted into the chlo- 
ride by precipitation with sodium chloride. 

Mercuric salts are changed into raercurous chlo "' 

ride by adding some sodium chloride, an excess o»^ * 

ferrous sulphate, and sodium liydrate to the solu *' 

tion. The sodium hydrate Is added in sufficient*" -*' 
quantity to make the fluid alkaline to test-paper, — '^' 
The mixture is allowed to stand for a short time, ^'^^ 

shaking irequently. As soon as the reaction is sup *"' 

posed to be completed, hydrochloric acid is added -^^ 
until the solution becomes clear, and the mercurous ^^ 
chloride white and free from iron. It is then filtered, -*> 
washed thoroughly, and treated with potassium -* 
iodide and iodine, as above. 

ESTIMATION" OF MJCRCUBT ITT MERCURIC SALTS, ES- 
PECIALLY IS" MERCURIC CHLORIDE. 

j?y Oxidation of Ferrous Sulphate.* ^The^ mer- 
curic chloride is dissolved in water in a flask, a i 
weighed amount of ferrous ammonium sulphate dis- i 
solved in water added, and sodium hydrate added 
until the ferrous oxide is precipitated and the solu- 
tion decidedly alltalino. The mixture is then allowed 
to stand for a few minutes, shaking frequently. The . 
flask must be kept full of hydrogen during the diges- 

* Mobr, Tilrirmetbode. 




in to prevent oxidation of the ferrous oxide by the 

:ygen of the air. Hydrochloric or sulpliurlc acid 

added to the mixture until tlie ferrous aud ferric 

ides are completely dissolved, leaving the mercu- 

lus chloride which forms perfectly wliite. The solu- 

ition is then diluted to the mark, shaken, a portion 

filtered through a dry filter, measured out with a 

pipette, and the excess of ferrous salt estimated 

*rith bichromate. The reaction between the ferrous 

Jiydrate and the mercuric oxide in the alkaline boIu- 

teon is as follows : 

2^0 + 3Fe(0HX + H,0 = Hg.O + Fe,(OH). 

Ferrous ammonium sulphate x -5102 = Hg 

X -6911 = HgCl, 

Mercuroua salts may be converted into mercuric 
ehloride by precipitating them as mercuroua chlo- 
ride by means of a solution of sodium chloride, wash- 
ing the chloride, adding sodium hydrate, and pass- 

^ chlorine through the solution. The solution is 
Ihen acidified with hydrochloric acid and evapo- 
Eated to expel the excess of chlorine. 

Mercuric salts are converted into the chloride by 
l^aporating with hydrochloric acid. In evapoi-ating 
polntions of mercuric chloride, care must be taken 
not to allow them to boU, as in that case some of 
tiie chloride goes off with the steam, (Fresenius.) 

WitJi Pofassiuin Cyanide* 

The mercury must be present as mercuric chlo- 
ride. Ammonia is added until a considerable 

• Hftnaay. Jour. Cliera. Soc. 1873, 565. 



nmnnnt of a white precipitate has formed (au excess 
(if ammunia does no harm). A eolation of potassi- 
um cyanide is then added until the precipitate re- 
dissolves and leaves the liquid perfectly clear. The 
strength of the standard potassiam cyanide is best 
determined by titration in the Bame manner against 
H weighed amount of pure mercuric chloride. Since 
it decomposes slowly by keeping, the strength must 
be redetermined before each series of analyses. The 
tempemture at which the titration is conducted 
shoald not be below 8° nor above 20°. 

.WitJi Potassium Iodide.* iH 

When a neutral solution of mercuric chloride is 
added to a solution of potassium iodide, a colorless 
solution is formed until the proportion of mercuric 
chloride is to that of potassium iodide as 1 to 4, 
As soon as this proportion is exceeded, and more 
mercuric chloride added, mercuric iodide precipi- 
tates, which colors the solution red. The mercury 
must always be present as neutral mercuric chlo- 
ride. It is necessary to add the mercuric chloride to 
the potassium iodide, since by reversing the proci 
the same results are not obtained. 

The standard solutions are — 

Decinormal potassium iodide, made by dissolving 
33 ■ 1974 gms. of the pure salt, and diluting to a litre. 

Decinormal mercuric chloride, made by dissoly. 
ing 13-5457 gms. pure mercuric chloride to a li( 
An addition of about 30 gms. sodium chloride 
sists the solution of the mercuric cliloride. 

• Personne, Comp. Kecd. Ivi. 63. 
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The mercuric chloride to be estimated is dissolved 

a water and added to an excess of the decinonnal 

I potassium iodide. The excess of potassium iodide is 

I then found by adding -^ mercuric chloride from a 

r burette, until the red color makes it appearance. 



rfij potassium iodide x 



0100 — Hg 
01355 = HgCl, 



I 



ESTIMATION OF MERCURY BY SODIUM TFIIOSTTL- 
PIIATE.* 

The standard solution is ^ the strength of that 
described on page 55, and contains 12-4043 gms. 
of the crystallized salt per litre. 

Mereurous Nitrate. — When sodium thiosnlphate 
is added to mercurous nitrate, thefollowingreaction 
occurs : 

Hg,(NO.)> + Na,S,0. + K,0 = Hg,S + Na,SO. 
+ 2HN0, 

The solution, which must not contain mercuric 
salt, is diluted, heated, and the sodium thiosnlphate 
run in from a burette, until no fnrtlier precipitate 
is produced. The sulphide settles rapidly and the 
proper point is easily found. 



c. c. .thiosnlphate x -0300 = 
" " X -0208 = 



Hg.O 



Mercuric iVi^rofe. ^Sodium thiosnlphate precipi- 
tates the mercury from mercuric nitrate, according 
to the following reaction : 

• Sclierer, Lalirbucli der Cbemie, 1 , 518. 



3Hg(N0,), + 2Na,S,0, + 2H,0 = 2B 
+ 3No,S0. + 4HN0, 



3.Hg(NO^| 



The Bolution is highly diluted, mixed with a little 
nitric acid, and the thioaulphate added until no 
further precipitate forma. 

In order to distinguish the end of the reaction, 
Scherer recommends that the solution be diluted to 
a definite volume before the reaction is quite fin- 
ished, and i or J the clear fluid taken out with a 
pipette, and the titration finished upon this portion. 
If any doubt exists, a second like quantity may be 
taken out and titrated in the same way. Multiply 
the number of c. c. of thiosulphate used with this 
fractional portion by two or three, as the case ma£ ~ 
be, and add it to the main quantity. 

c. c. tliio3ulpliate X -015 = Hg or x ■ 

Mercuric Chloride. — 

3HgCl,+ 2Na,SA+ 2H,20 = 2HgS.Hga, + 2Na,ai 
^4HC1 

The solution is acidified with hydrochloric acid, 
diluted largely, and heated nearly to boUing. Tliio- 
sulphate is then added as long as a white precipitate 
is formed. Care must be taken not to a^d an ex- 
cess of thiosulphate, when the precipitate will be- 
come gray, or even black, and the analysis must be 
repeated. The filtering pipette may be used to de- 
termine the end of the reaction. 

c. c. thiosulphate x -0150 = Hg 
" " X -0162 = HgO 




This method succeeds best with mercorons nitrate. 

. mercuroas nitrate almost invariably contains 
Imercuric salt, the process loses much of its value, 
r not being applicable in such cases. 




Estimation py Precipitation as Chloride, 

When sodiuni chloride is added to an acid solu- 
(ion of silver, AgCl is thrown down. The precipitate 
; very insoluble in water and dilute acids, the 
I results obtained are very sharp. The end of the re- 
action may be determined in three ways : 1st. By 
potassium chromate. 2d. By shaking the solution 
violently for some time, and allowing the silver 
chloride to subside before adding more of the re- 
agent 3d. Filtering off a small portion by means 
of the filtering pipette, Fig. 33, and testing the clear 
fluid. The second method is best in cases where the 
k amount of silver is very nearly known, as in bullion, 
■•silver coin, etc. The first method is applicable only 
f to neutral solutions, and the third may be used in 
r either neutral or acid solution. 



WITU CHROMATE J 



the solutions needed are : 
1. Decinormal sodium chloride. 



6-85 gms. UaCl per litre. 



If pure, perfectly transparent, and colorless rock- 
salt can be obtained, the solution may be made by 
diasolving tlie above amount, and diluting to a litre. 
The exact strength must, however, be determined by 
comparison with the silver solution to be described 
hereafter. If pure rock-salt is not obtainable, the 
sodium chloride may be purified by dissolving in 
watj?r till the liquid is saturated, and then conduct- 
ing a stream of hydrochloric acid gas through the 
liquid to saturation. The salt is deposited, while 
ferric and magnesium chlorides, etc., remain in solu- 
tion. The precipitated salt is collected, dried be- 
tween filter-paper, heated to incipient fusion in a 
platinum crucible, and the proper amount weighed 
out. Tile salt so prepared must not darken or show 
any color upon fusion and cooling, it must dissolve 
perfectly in w<ater, and its solution must te neutral 
to test-paper, and give no precipitate with barium 
chloride. 

2. Decinormal silver nitrate. The solution may 
l)e made either by dissolving 16-993 gms. silver ni- 
trate, or by dissolving 10-793 gms. pure silver in 
nitric acid, evaporating to dryness, dissolving the 
residue in water, and diluting to a litre. 

3. A saturated solution of potassium chromate. 
The potassium chromate used for this purpose must 
be perfectly free from chlorine. 

The solution containing the silver must be neutral 
or faintly alkaline. If acid, it must be neutralized 
by means of a dilute solution of sodium carbonate 
free from chloride. Sodium chloride solution is add- 
ed in excess, then two or three drops of the potas- 
sium chromate solution, and then the silver nitrate 



olntion run in from a second burette, Ab long as 
tiiy chlorine remains in excess, the drops of silver 
KJlution give at tii'St a briek-red preciiiitate, which 
»pidiy changes to white. The brick-red precipitate 
Ja silver chro mate, which is, however, rapidly decom- 
posed in a solution containing chlorine into silver 
«hIoride and chromic acid. A s soon, however, as the 
chlorine is all precipitated, the fluid is colored by 
■the red silver chromate formed, which does not a^in 
■disappear. It is not so accurate to add chromate 
to a silver solntion, and then sodinm chloride, until 
the red color changes to white : 

1st. Because the exact moment of the change from 
yed to white ia less easy to hit than that from white 
to red. 

2d. The precipitated silver chromate, if allowed to 
Wand any length of time, is less easily decomposed 
Tiy a solution containing chlorine, and we are apt to 
overstep the proper point. 

e. c. -fs silver nitrate x ■ 010793 = Ag 



BY AGITATING THE LIQUID, 

The estimation may be made "by precipitating the 
Iftlver from the nitric acid solution, contained in a, 
itottle with well-ground stopper, by means of the ^V 
Bodinm chloride solntion, shaking violently after 
each addition. The chloride collects in lumps, which 
Snk to the bottom, leaving the supernatant liquid 
Blear and fit for testing. During the shaking, the 
feilver chloride must be protected from the action of 
light, which is done by slipping a black paper 



action of ^M 
.per over ^| 
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it. When the precipitate lias completely settled, 
leaving the liquid above perfectly clear, a drop of 
the -Pg sodium cJiloride is added, when, if silver is 
still in solution, a fresh precipitate makes its appear- 
ance. The method is niore fully explained uuder 
the head of Silver Alloys. 



BY THE FILTERING PIPETTE. 



The solution of sodium chloride is run into the 
solution containing the silver, previously acidified 
with uitric acid, until both sodium chloride and sUver 
nitrate produce a precipitate in a portion of the fil- 
tered liquid. If the point is overstepped in the first 
trial, 1 c. c. silver nitrate may be added, and tlien 
sodium chloride as before. When the burettes, etc., ' 
are properly graduated, and the analysis carefully 
executed, this method gives excellent results. It 
requires more time in execution than the chromate 
method, but the results obtained are rather nearer 
the truth. 
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ESTIMATION OF SILVER BY STARCU IODIDE (pISANi). 

Applicable in presence of lead and copper, but 
not with mercury, tin, iron, mangajieae, antimony, 
arsenic, or gold. 

The method is founded upon the fact that when 
starch iodide is added to a neutral solution contain- 
ing silver, the silver is precipitated as iodide, and 
the blue color is destroyed as long as any silver re- 

lains in solution. As soon, however, as all silver 

t>recipitated, the iodide of starch colors the fiuid 
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standard Solution of Starch Iodide. 

Weigh out 2 gms. iodine into a mortar, add 15 gms. 
arch, and mix, after adding 6 or 8 drops of water, 
the mass is transferred to a closely-stoppered flask, 
■nd lieated on the water-bath for about an hour. 
Sufficient water is added to completely dissolve it. 
About -01 gm. silver is weighed out, dissolved in 
Bitric acid, evaporated to dryness, dissolved again 
Jii about 80 c. c. water, some precipitated and care- 
fully washed calcium carbonate added, and the 
starch iodide solution run in from a burette, until 
I solution takes a greenish-blue tint from the 
iodide in excess. The -Ol gm. silver should require 
sibout Ed c. c. of the starch iodide solution. 

Tiie amount taken for an analysis should not con- 
tain more than -01 to -02 gm. silver. If more than 
this be present, the larger portion may be precipi- 
itated by means of y"„ sodium chloride, the silver 
chloride filtered off, and the remaining silver deter- 
mined as above. The amount so found is then add- 
ed to that which has been precipitated by the sodium 
■chloride. 

If preferred, the solution containing the silver may 
e diluted in a measuring-flask, and a part taken 
But for the titration by means of a pipette. 

BY PRECIPITATION AS SULPHOC YANIDE. * 

A soluble sulphocyanide added to silver solutions 
impletely precipitates the silver as sulphocyanide, 

217; Jour. Chem. Soo. 1874, 910; 



whirh In in-Moliible in acids. If a little ferric snl- 
phat*i \w added tn the solution, the least excess of 
(tulphocyanidtt ia shown by ttie prodaction of ferric 
(iiil|p|io<;yaiiide, which colors the liquid rtd, 

Thi- Holntions used are: 

Df'C-inormal kiIvim- nitrate, the preparation of which 
huR ttlri-'ady been described. 

Df<;i normal ])<)tassiuin snlphocyanide. The solu- 
tion is lK!«t mad«.t by dissolving a portion of the salt 
in abfjiit 0(X) c. c. water, estimating the strength by 
titration against a measured volume of y^ silver 
nltruto, and diluting until t}ie solution is of 
I>rojM;r Htr«ngtli. 

Holution of ferric sulpluite. Tliesalt must be 
from chlorine. The solution may be made by 
Bolvlng ouH part ferric ammonium sulphate in 
parts water. 

0. c. of the ferric sulphate are added to the silver 
Holution, and then yV sulphocyanide run in from a 
burettt! until the red color makes its appearance, 
Tlie method is a very accurate one, and may be used 
with alloys containing less than 70 % copper. The 
sulphocyanide solution does not change by keeping. 

c. c. Yu sulphocyanide x -010793 = Ag 
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ANALYSIS OF SILVER ALLOYS— COIN, ETC. 

The volumetric estimation of the silver in coio, 
bullion, etc., was introduced by G-ay-Lussac into 
the European mints, and since then the process 



las, chiefly through the researches of Mulder, been 
trought to a higli state of perfection. It is one of 
the most accurate as well as rapid volumetric osti- 
mations that we are acquainted with. 

The content of silver of the alloy to be examined 
must be approximately known, and if this is not 
13ie case, we can easily ascertain it either by the 
method of cupellation, or by one of the volumetric 
methods before given. 

The method is grounded upon the insolubility of 
River chloride in weak nitric acid and water, and 
iQxe ease and mpidity with which the precipitated 
chloride may bo made to settle by violent agitation 
of the liquid containing it, leaving the supernatant 
liquid perfectly clear. 

The solution of sodium chloride used for effecting 
the precipitation ol: tlie silver ia of such atrength 
1 10() c. e. at 15° C. precipitate exactly 1 gm. An 
tmount of the alloy containing a little more than 
feliis amount of silver is weighed out, dissolved in 
nitric acid, 100 c. c. added, the liquid violently agi- 
tated for a short time, allowed to settle, and then 
the remainder of the silver precipitated by adding 
Bodium chloride solution -jJo the strength of the 
above, in small portions at a time, shaking and 
allowing to settle after each addition until it ceases 

> produce a precipitate in the clear fluid. If we 

lisaolve silver nitrate and sodium chloride, in the 
iroportion of their molecular weights, in water, and 
bis the solution and agitat^i, we shall find that both 
iilver nitrate and sodium chloride produce a precipi- 
! in the clear solution, and that the amount of 
recipitate is the same, no matter which is used. 
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In the sUrcr assay, we can therefore have the choice 
of tJii-ee endings; 1. We may add sodium chloride 
until it ceases to prodnce a precipitate. 2. We may 
add sodium chloride until it and silver nitrate pro- 
duce precipitates of equal amount. 3. We may add 
sodium cliloride in excess, and then titrate back with 
solution of silver niti-ate, equal in strength, until it 
ceases to give a precipitate. Tlie second is the pro- 
l>er end reaction, since it marks the point when silver 
and clilorine remain dissolved in the fluid in exactly 
the proportions in which they unite to form silver 
chloride. It is, however, much more difficult to hit 
tliis point precisely than to find 1, and takes a much 
longer time. For this reason, the ending 1 is almost 
invariably used in the sUver assay at the mints. J^| 

PREPAEATION OF THE BTANDABD SALT 80LUTIo5^ 

For this purpose, the salt used should be as pure 
as possible. Either transparent colorless rock-salt 
or salt purified by tlie processgiven on page 164 
may be used. The salt must be finely pulverized, 
dried at 300" in the air-bath, placed under the 
desiccator until cool, and then the proper amount 
weighed out. It should not be allowed to stand in 
the air before weighing, as, according to Mulder, as 
much as 7 % ot moisture is taken up in cool damp 
weather. The pure dry salt is weighed out and dis- 
solved in the proportion of 5-4301 gms. (according 
to Mulder, 5-42215 ; to Mohr, 5-414 gms.) to a litre. 
The water must be pure distilled water free from 
organic substances. Rain-water will not answer, as 
it contains dissolved organic matter. Instead of 



Dreiglimg the salt used for making the solution, it ia 
ndnstoiuary to make a aataratud solution of pure 
■Bait, and measure out a sufficient quantity of this, 
laud dilute with water. The solubility of sodium 
I chloride in water ia very slightly influenced by the 
I temperature, and it is therefore possible to obtain 
La saturated solution which containis an unvarying 
■.amount of salt. 

I A saturated solution of pure salt has a specific 
■gravity (15°) of 1-204, and contains 31-84 % of so- 
I dium chloride ■ '.'^f^ = 17-09 c. c. is therefore the 
lamount which is to be diluted to a litre. By actual 
I experiment, Mulder foand 17- 13 c. c. as the proper 
I amount. The saturated solution is prepared by al- 
I lowing distilled water to stand in contact with an 
I excess of pure salt for at least 13 days, shaking fre- 
r q^uently. The clear fluid ia then poured off and 
preserved in small carefully closed bottles to pre- 
vent evaporation. Each bottle should contain suffi- 
cient salt solution to make a stock bottle full of 
standard solution when it is diluted. 

Decimal Sali Sohdion. 

This should be precisely -}^ the strength of the 

standard solution, and may be made by diluting 

100 c- c- to a litre. It is to be borne in mind that 

I the solutions prepared as above are calculated for 

I the ending 2, and if ending 1 be employed, a trifle 

I more salt will be required. 

Decimal Silver Solution. 
When ending 2 is employed, it frequently hap- 
Ipena that the neutral point is overstepped, and we 
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must then add decimal silver solution until this ** 
again reached. This solution is prepared by CL-^^ 




THE APPAR-^TUS. 

77ie Pipette. — The form of pipette now in general 
Bse is shown in Fig. 35**. It has the advantage 
of great simplicity, and is rapidly filled and deliT- 
wed. The upper part is drawn out to a line point, 
tod the lower part is cut off squarely and heated in 
file flame until a small aperture, 1 to 14 ram. in 
i^m. remains. The pipette is securely fastened in 
B heavy retort-holder, or fastened to the wall by a 
bracket, to prevent it from vibrating. The upper 
part is surrounded by a sponge to catch the fluid 
which overflows. The pipette is filled from below 
by means of the tube b. Tliis is connected with a 
Iftrge jar or bottle containing the standard salt solu- 
^on. It is slipped over the lower end of the pipette 
ftnd the pinch-cock opened. The solution flows into 
tJie pipette nntil it is full, when the finger is placed 
kpon the point e, the pinch-cock closed, and the 
tube slipped off. The pipette is now ready for de- 
livering the fluid, which is done by simply remov- 
ing the finger. It is evident that the accuracy of 
the whole process depends largely upon the ac- 
suracy with which a pipette of this kind may be 
Siade to deliver a given amount of liquid. Mulder 
EtaB made careful experiments upon this point, and 
Inds that the difference in weight of successive vol- 
iunes of water at 15° delivered by such a pipette va- 
ries from 0-4 mgr. This exactness is only possible 
Rrhen the pipette is securely fastened to prevent 
Hbration, and when care is taken to deliver in ex- 
ictly the same way in every case. With a pipette 
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held in tte hand, Mulder observed differences o^^ 
20-40 mgr. in successive deliveries. To obtain the -^ 
greatest degree of uniformity in the delivery, it is ' 
necessary that the pipette be finuly fastened, that it 
be perfectly clean, and that it be always delivered 
in the same way. It is best before use to rinse the 
pipette first with dUute sodium hydrate, then ^vith 
hot nitric acid, then with water, and finally with 
some of tlie standard salt solution. 

The apparatus used hy Gay-Lussac for deliv«! 
ing the decimal salt solution consists of a tubet-1 
graduated in cubic centimetres, and passing through 
a cork which closes the bottle containing the solu- 
tion. After 100 c. c. of the standard solution have 
been added to the assay, 1 c. c. of the decimal solu- 
tion is added from the pipette, and, after the solu- 
tion is shaken until clear, a second 1 c. c, and this 
process continued until an addition of 1 c. c. pro- 
duces no precipitate. The number of c. c. used, 
less li, is the amount necessary for precipitation of 
the silver. 

Mulder uses two pear-shaped vessels in complet- 
ing the assay, one containing decimal salt, the 
other decimal silver solution. The vessels are 
drawn out below, and provided with two pinch- 
cocks, the lower one provided with a screw for reg- 
ulating the number of drops, and the upper one 
for stopping the flow of liquid completely. The 
opening of the delivery-tube is of such size that ex- 
actly 20 drops flowing from it are equal to 1 c. c. 
Accordingly, it is possible to measure the decimal 
solution to ^ c. c, which is eqiiivalent to only ■ (HXiOo 
gm. silver, and great accuracy is therefore attain- 



able. The opei-ation requires more time, however, 
fohr uses a burette for holding the decimal solu- 
tion, and, where but one assay at a time ia made, 
a is certainly tlie most convenient, as it registers 
;he amount of solution used ; but whei-e a number 
)f analyses are made at the same time, an equal 
lumber of burettes must be provided, and thia is 
nconvenient, besides being expensive. Where ra- 
i>idity is desired, and accuracy to Ywns suffices, the 
irst method is the best. 

27te Bottles. — These must be of white glass, con- 
ISLining 200-250 c. c, and with pointed stoppers, 
srery accurately ground. They must be well an- 
aiealed, and free from bubbles and liaws. 

Shaking Apparatus. — -Where a single assay is to 
be made, the bottle is covered with a cloth, after 
adding the standard solution, and shaken with the 
hand until the precipitate balls together, leaving 
the supernatant liquid clear. When ten assays are 
made at once, as is usual, a shaking apparatus is 
provided. The apparatus contrived by Gay-Lussao 
for holding the bottles is made of tinned sheet-iron, 
and contains ten compartments, into which the bot^ 
ties fit, surrounding a central rod, to which they 
are soldered. The central i-od tenninates above and 
below in rings, to which thick rubber straps are 
&stene.d, which in turn are attached — the upper to 
% strong bracket projecting from the wall, and the 
lower one to a ring in the floor, Tiie stoppers of 
the bottles are held in place by circular pieces of 
turned iron, inserted in a lioUow ring of the same 
material, and provided with springs at the back to 
^eep them in place. This hollow ring has a hinge 
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at one side, and may be turned completelv over, so 
as to release the bottles. The apparatus, after the 
sertion of the bottlea, is connected with the rabi 
bands, and gently shaken ap and down for three 
fonr minates, when the solution will have becoi 
perfectly clear. AVhere many assays are 
formed, iMs shaking becomes very fatiguing, and, 
in the mints, is performed by attaching the shaker 
to the engine in a suitable way. The following ex- 
tract from a private letter received from Mr. W. E. 
Du Bois, Chief Assayer in the United States Mint 
at Philadelphia, is interesting in this connection : 
"We began this hnmid assay in 1835, and for some 
time our agitator was moved by the two human 
arms, up and down. This was very fatiguing, 
though it took but tliree or four minates. We 
improved upon that, by having a whet;! and le* 
cord, turned by a crank. But, as human nature is 
always devising expedients to get rid of work, we 
nest concluded that the steam-engine, though not 
close by, might as well do the shaking ; and so. by 
a connection of cords and pulleys, we made this 
second improvement ; and it has worked well. The 
next advance was to get rid of the noise ; and this 
was nearly dissipated by removing tlie tin cnps or 
holders (ten in the circle), and substituting sole 
leather. Thus, you see, we are very ready to ac- 
cept amendments ; and in various ways these are 
suggested from time to time. If the engine hap- 
pens to be still, we revert to the hand-crank, of 
course. And when only one assay is in progress, the 
elbow shake is the most convenient," 
The apparatus employed bv Mulder for clearing 
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™-e tinid consists of a board, carrying a wooden box 
*^ each end, provided with compartments for six 
"Ottles, or twelve in all. The board is 1 metre long 
^O-d -IS metre in width, and is fastened in tlie centre, 
■^y means of a hinge, to a triangular wooden block 
"2 metre high, attached to a table so that the board 
*iay move up and down like a see-saw. The ends 
«f the board have handles attached. The bottles 
»re kept in place in the compartments by a strip of 
doth to which is fastened a strip of vulcanized 
«aoutchouc, and the two pieces are then drawn over 
the stoppers of the bottles, and fastened to the box 
it the ends with screws. This arrangement keeps 
ihe stoppers in place, holds the bottles firmly, and 
illowa of their easy removal. The apparatus is 
rery cheap, makes no noise, and is uot tiresome to 
frork. 

Influence of Temperature. 

The inSuence of temperature upon the end reaction 
is considerable. Mulder has shown that the differ- 
ence between the 2d and 3d endings increases as the 
temperature rises. The difference is due to the differ- 
ing Bolnbility of silver chloride in the sodium nitrate 
which is formed, it being dissolved in greater quan- 
tity as the temperature rises, and hence requiring a 
larger quantity of sodium chloride to re-precipitate it. 
As the ending 3 is found when precipitates of the 
same density are produced by both silver nitrate 
iand sodium chloride, heat in this case exercises no 
luence except to make the precipitates rather 
lOre dense, Tlie difference between the endings 1 
;and 2 is equal to 
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0-3 milligr. at 
0-4 " " 
0-5 " 



0-6 milligr. at 
0-7 " " 



15° 




The temperature has also a decided influence u] 
the amouut of solution delivered by the 100 c. 
pipette. As the temperature rises, the Etandard 
aolution expands slowly, and, though the same vol- 
ume of liquid is delivered by the pipette, it weighs 
less and contains less salt. Other things modify 
this in an important degree, however. The glass of 
the pipette expands at the same time, though in less 
amount, and partially corrects the error. In addi- 
tion to this it is found that, as the temperature rises, 
the liquid adheres less strongly to the pipette, and a 
slightly increased volume is delivered. The actual 
difference produced by change of temperature in 
amount of standard solution delivered by weight |l 
shown in the following table of Mulder's : 

CoTrecUon Table in Thousandths. 
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5° 


+ 0-56 


16° 


-0 


125 


6° 


+ 0-5 


17° 


-0 


25 
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+ 0-6 


18° 


-0 
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8° 


+ 0-46 
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-0 


55 


9° 


+ 0-45 


20° 


-0 


7 


10° 


+ 0-4 


21° 


-0 


9 


11° 


+ 0-4 


22° 


-1 


1 


12° 


+ 0-3 


23° 


-1 


3 


13° 


+ 0.25 


24° 


-1 


526 


14° 


+ 0-125 


26° 


- 1 


75 


15° 


0- 












ANALYSIS OF SILVER ALLOYS — COIN, ETC. 

If the standai-d solution have a temperature of 5' 
for example, 10U055c. c. of salt solutions will be 
delivered by the pipette, and tlie apparent value of 
the alloy, as shown by the assay, must accordingly 
be increased by -00055 to give the true value. In 
the same way, the figures for degrees above 15° 
must be subtracted from the apparent to giv« the 
true value. 



Influence of Other Metals upon the Precipitation of 
the Silver. 

Copper, which is the metal most generally al- 
loyed with silver, exercises no influence upon the 
result. Manganese, iron, zinc,- cadmium, nickel, 
cobalt, arsenic, and palladium are also without 
influence. Tin is oxidized by nihic acid to stan- 
nic oxide, which does not settle well and makes 
^it impossible to ascertain the end of the reaction. 
Where tin Js present, the alloy must be dissolved in 
iiot concentrated sulphui-ic acid. Antimony behaves 

I the same way, but the solution may be cleared 
by the addition of a little tartaric acid. Bismuth is 
precipitated upon the addition of the salt solution 
as oxychloride, but this is prevented by a little tar- 
taric acid. Lead is only hurtful in considerable 
quantities. The alloy should be dissolved in sul- 
phuric acid, or in nitric acid, and then sulphuric 
Sicid added to precipitate the lead. 

With 1 gra. silver and 0-6 gm. lead dissolved in 
Bulphuric acid, Mulder obtained 99-8875 silver, and 
with 1 gm. silver and 20 mgr. lead in nitric acid, 
and then sulphuric acid added, 1000 silver. If the 
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lead is present in small quantity, no sulphuric acid 
need be added. Platinum, and also gold alloyed 
with silver in small qnantity, dissolve in nitric acid 
and exercise no influence on tlie result. OF all 
metals mercary is the most objectionable, and must 
be removed before the process can be succesafnlly 
used. Its presence is detected by standing tlie bottle 
containing the chloride in direct sunlight, when, if 
it be present, the chloride is but very slowly colored 
by the action of the light. The presence of mercury 
causes error in several ways: 1. It is difficult to 
clear the fluid by shaking. 2. Part of the mercury 
is dissolved as mercurous nitrate, and this is precipi- 
tated by the salt solution. 3. AVhen the alloy is 
dissolved in hot nitric acid, mercuric nitrate ia pro- 
duced, which dissolves silver chloride in much 
greater quantity than sodium nitrate. In conse- 
quence, the difEerence between the endings 1, 2, and 
3 is much greater when mercury is present than 
otherwise ; and where ending 1 is used, false results 
are obtained. Levol adds an alkaline acetate to the 
alloy dissolved in hot nitric acid, and then proceeds 
in the usual way. The mercuric nitrate is in this 
way converted into mercuric acetate and sodium 
nitrate is produced. The results so obtained are 
better, but not altogether satisfactory. Witli 1 gm. 
silver and 1 gm. mercury, adding 10 gra. sodium 
acetate, Mulder obtained 999 -75 silver. 

In a second example, with ammonium acetate the 
same result was obtained. The best plan is to heat 
alloys containing mercury until the mercury is com- 
pletely driven off, then dissolve, and proceed in the 
usual manner. 



Solidijication of St'her Alloys. 

Silvei' has a great tendency to fonn alloys of definite 
■imposition with other metals, and especially with 
I copper and lead, which, in cooling, separate from the 
I BScceas of either metal which may be present. This 
Property is called, by Mulder, Liquation. Upon 
tViia property Pattinson's process for desilviTing lead 
is fonnded. Silver forma a definite alloy witli cop^ 
per, having the formula Ag,Cu„ which contains 
718-93 parts silver in 1000. If the alloy be of this 
oomposition, no separation takes place ; but if more 
fir less copper be present, it is found that the result- 
ing bar of metal contains unequal quantities of sil- 
ver in different parts. In the Dutch gulden (silver 
coin), which contains 945 ± 1 -5 parts silver in 1000, 
Mulder found differences of 1-72 thousandths be- 
tween pieces taken from different parts of the coin. It 
I is necessary, therefore, to exercise great care in taking 
I, sample of an alloy if we wish to obtain the true 
Uver valne. The best plan is to melt the alloy, stir 
t thoroughly, take out a portion with a ladle, and 
tour into cold water. The cooling then is so rapid 
lat the silver has no time to separate. The granu- 
lated pieces are flattened at first with a hammer and 
lien by passing through rolls into sheets, from which 
pieces of proper size for the assay can be cut with 
wissors. 
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The strength of the standard salt solution is al- 
ways found by titration against pure silver. Silver 



coin is disaolved in nitric acid, the solution filtered, 
diluted, and precipitated by the addition of hydro- 
chloric acid. The flask ia covered and allowed to 
stand until the supernatant liquid becomes perfectly 
clear, when it is poured off. Distilled water ia then 
added, and the sOver chloride washed by decanta- 
tion until sulphuretted hydrogen produces no brown 
color in the washings. The moist chloride is placed 
in a lamp-chiraney, over one end of which a piece 
of bladder is tightly fastened. This is placed in a 
vessel containing dilute sulphuric acid. A silver wire 
soldered to a piece of amalgamated zinc is placed in 
the silver chloride, and the zinc in the dilute sul- 
phuric acid in the outer vessel. A galvanic current 
is immediately produced, and the chloride is re- 
duced to the metallic, state. When tlie reduction of 
the silver ia complete, -which occupies 24r-48 houTB, 
the finely-divided metallic silver is digested with 
hot dilute sulphuric acid, and then washed re- 
peatedly by docantation until perfectly free from 
sulphuric acid. Tlie silver still contains a notable 
quantity of chloride, but this makes no difTerence. 
It is mixed while still moist with a little pure so- 
dium carbonate, borax, and sodium nitrate, and 
dried. A porcelain crucible is placed within a 
larger Hessian one, and the space between them 
filled with sand mixed with a little powdered borax, 
which melts in the iire and keeps the sand in place. 
The crucibles are placed in the fire, and as soon as 
the inner one becomes red hot, the dried silver pow- 
der is filled in, the crucible covered and allowed to 
remain in the fire until the silver ia in qniet fnsion. 
It is taken out, and the silver poured into a well- 



J dried mould made of pipe-clay. Tlie bar so obtained 
is cleaned from any adliering solid particles by scour- 
ing, and beaten and rolled into sheet form for use. 



Pure JVitric Acid. 

The acid used for dissolving the silver must be 
Iree from chlorine, and may be prepared from im- 
lure acid by distilling with a little potassium bi- 
chromate. The hydrochloric acid is then converted 
into chlorine, which passes over with the first distil- 
late, and the remaining portion is perfectly pure. 

Pure Sodium Chloride. 

In addition to the method given on page 164, the fol- 
lowing process given by Mohr may be used for puri- 
g sodium chloride. Dissolve the crystals in water, 
idd a little baryta water, and then sodium carbon- 
ate in excess, and evaporate the filtered solution to 
crystallization. Redissolve in water and recrystal- 
jize. Pore sodium chloride m»y also be obtained 
J)y adding pure hydrochloric acid to a solution of 

Kure sodium carbonate until the fluid reacts neu- 
■al, evaporating to crystallization and recrystalliz- 
ing. 

Determining the Strength of the Standard Solu- 
tion.. 

to 1'004 gm. of pure silver is very carefully 

weighed out and dissolved in 5 c. c, nitric acid, in 

one of the bottles described on page 17o. The bottle 

placed upon a sheet-iron plate in an inclined posi- 
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tion, the stopper being removed. The plate is 
gently heated by a row of Bunsen burners. The 
bottles must be very carefully annealed or they will 
not stand tills treatment. When solution is com- 
plete, the nitrous fumes are blown from the bottle 
either with the breath or with a small pair of bel- 
lows to which a bent tube is attached, and the boU 
tie is then allowed to cool. When it has reached 
the temperature of the atmosphere, it is placed in a 
tin case, brought nnder tlie 100 c. c. pipette, and the 
contents allowed to flow in. The stopper is dipped 
in distilled water, inserted, and the bottle is then 
covered with a black cloth and shaken for 3 or 4 
minutes, until, upon standing for a few seconds, the 
supernatant fluid becomes perfectly clear. The 
chloride adhering to the stopper is then shaken 
down by imparting a circular motion to the fluid, 
and the stopper is taken out. The drop of fluid ad- 
hering to the point is removed by touching against 
the neck of the bottle. If the standard solution be 
of such strength that 1(X) c. c. precipitate exactly 1 
gm, silver, there will still remain in solution the ex- 
cess over 1 gm. FUl the pipette-tube with decimal 
salt solution, and placing the point against the neck 
of the bottle, allow one or two drops to run in. If 
a precipitate is produced, it shows that silver still 
remains, and that more salt solution must be added. 
From the density of the precipitate produced by 
the first drop of salt solution, we can tell by prac- 
tice about how much is still necessary, and this 
amount is then added, the liquid shaken, and the 
supernatant fluid tested as before. This is repeated 
until a drop of the decimal solution produces no 



precipitate, when the assay is finished. If the first 
drop of decimal salt solution produces no precipi- 
tate, salt is ali'eady in excess. A few c. c. of deci- 
mal silver solution must then be added until silver 
is in excess, and the process then proceeded with 
as before. Suppose 1-004 gm. pure silver require 
100 c, c, standard salt solution, and 3 c. c. decimal 
eolation. It is then a little too strong, and 100 c. c. 

jqual to ^^^ = 1-000997 gm. silver. The 

strength of the standard solution should be deter- 
mined in this way at the beginning of each day's 
work, and aa the conditions of temperature, etc., 
■will then be the same in the test assay and the sub- 
sequent assays, no correction need be applied. Be- 
fore using any of the standard solution, the vessel 
containing it must be shaken so as to wash down 
»ny condensed vapor adhering to the sides. 

The Assay of Alloys. 

Assays are usually made in sets of 10, and car- 
ried thi-ongh together. The amount of silver in the 
alloy must be approximately known, and is found 
either by cupellation or by means of normal salt 
solution, with potassium chromate as indicator.* In 
the latter case, le^d and bismuth must be absent. 
An amount of the alloy containing a little more 
than 1 gm. sUver is then weighed out, dissolved in 
nitric acid, and the assay completed in the same 
way as in the test assay, vrith 1 gm. silver. Sup- 
pose the alloy contains about 900 parts silver, then 

* Vulliard'a uielliod may alBo be used. 
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900 :1000 :: 1 :x; x=l-llll; 1-1111 is, therefore, 
the amount of alloy which contains 1 gm. sDver, 
and a little more than this, say l-llS, shonld be 
weighed out for the assay. 

For further information upon this interesting sub- 
ject, the student is referred to the following works : 
Gay-Liissac' s, "Chaudets' L'Art de TEssayeur;" 
Mulder's " Silber-Probirmethode," German transla- 
tion by Grimm, Leipzig, 1859 ; Regnault' a Cheniis- 
try ; Watts' Dictionai-y of Chemistry ; and Mitchell 
and Crookes' work on Assaying. 



d 



By Oxalic Acid and Permanganate. 

The gold must be present in the form of chloride. 
When gold chloride is mixed with oxalic acid in 
solution, the following reaction takes place : 

2AuCI, + 3H,C,0. = 2Au + 6HC1 + 6C0. 

The gold precipitates in the metallic form, and a 
quantity of oxalic acid corresponding to it is decom- 
posed, carbon dioxide, which escapes, and hydro- 
chloric acid being formed. The oxalic acid, either 
a measured volume of a solution or a weighed 
amount of the solid acid, is added, and the solution 
allowed to stand 18 to 34 hours. The solution is 
then made up to 300 c. c. in a flask, 100 c. c. taken 
out with a pipette, and the excess of oxalic acid 
found by means of permanganate. 



OxaHc acid (C,H,0. + 9H,0) x 10405 = Au 



c.c. normal oxalic acid x -06556 = Au 
" '■ " " X -10101 = AuCl, 



Oxalic acid (C,H,0. + 2H,0) x 1-6034 =AuCl, 



NITKOGEN COMPOUNDS. 

AMMONIA. 

The percentage of ammonia in a watery solution 
of the gas may be found by taking the specific 
gravity and comparing with the following table ; 



■S&ouiag tAe p6Tceatage of Ammonui. {NHi) contained in solution! of 
different specific gravity. Temp. 14° {Cariui). 
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Bi/ NoTfaal Acid. 

Litmus is added and tlien nonual acid run in 
I "ontil the color changes. 
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c. c. normal acid X -014044 = N 
" " " X -017044 = NH. 



Amtnonia in combination may "be estimated by 
distiiliiig the substance containing it witli potas- 
sium or sodium hydrate, and receiving the ammonia 
which distils over in a known volume of normal or 
decinormal acid. After the distillation is completed, 
the excess of acid over that required to neutralize 
the ammonia is found by titrating back with nor- 
mal or decinormal ammonium hydrate. The dis- 
tiUation is performed in the flask A, Fig. 36, which 
contains the ammonium salt 
in solution ; h contains strong 
solution of sodium hydrate. 
The flask B contains a meas- 
ured quantity of normal hy- 
drochloric arid, whicU is pour- 
ed in through the tube c con- 
taining fragments of glass- 
The pinch-cock upon 6 is 
opened, which allows the so- 
dium hydrate to run into the 
flask, and tlie solution is then 
gently boiled until all the am- 
, monia is driven over and ab- 
sorbed by the normal acid. 
^«-^- Care must be taken not to heat 

too strtJngly, or the solution will foam up and pass 
into the flask B. After the distillation is completed, 
the acid adhering to the broken glass in c is washed 
into the flask, litmus added, and the excess of aciJ 
found by titi-ating with normal ammonium hydrate. 




The nitrogen in most organic substances may be 

^ converted into ammonia and estimated as above by 

heating in a glass tube with soda lime (Will and 

Varrentrapp' 8 method), receiving the ammonia given 

off in a bulb containing a known volume of normal 

hydrochloric acid, estimating the excess of acid with 

normal ammonium hydrate. 

When a substance in which ammonia is contained 

I contains also nitrogenous organic matter, boiling 

j with sodium hydrate will not answer for estimating 

I the ammonia, since boiling alkali in contact with 

1 nitrogenous matter produces ammonia. In such 

Leases it becomes necessary to use calcined mag- 

[ ^esia instead of solution of sodium hydrate for 

I expelling the ammonia. If the nitrogen as well as 

lammonia is to be determined in a substance contain- 

I ing both, a portion is boiled with magnesia for some 

time and the ammonia determined as above, A 

[.Becond portion is ignited with soda lime in a com- 

[ bustion tube, and the total ammonia determined. 

I The difference between the two determinations gives 

Lthe nitrogen existing in combination as azotized 

t organic mattfir. Inneutral ammonium salts, the am- 

■monia may also be estimated as follows : Boil the 

L Bolution in a beaker covered with a watch-glass with 

ran excess of normal sodium hydrate, until the steam 

t no longer turns red litmus paper blue. In this way 

[lthe ammonia is all driven off, and the acid combines 

twith an equivalent quantity of the sodium hydrate. 

L'The excess of sodium hydrate is then estimated by 

B,back titration with normal acid. 



Is eatiraated by dissolving in water, adding an ex- 
cess of normal acid, and titrating baclt with normal 
alkali, after boiling to expel the carbon dioxide. 



AMMONIUM CHLORIDE. 



The amoTint of ammoninm chloride in watery 

solutions may be found by taking the specific grav- 
ity and comparing with the following table ; 
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Bi/ Decmorinal Silccr Nitrate. 

The substance must contain no other chloridL". 
Three drops of a saturated solution of potassim 

* Getlncb, epeclBBiibe Gewlcbte der SalzIOmDian. 



3f potassii^^H 



ihromate are added to the neutral solntion, and 
r silver nitrate is run in from a burette until the 
red color of silver chromate is permanent. (See 
Chlorine.) 

c. c, i'^ silver nitrate X '0014 = N 
" " " " X -0017 = NH. 
" " " " X 00535 = NH,C1 

Ammonium hydrate and carbonate may be con- 
Terted into chloride by supersaturating with hydro- 
chloric acid, and evapoi-atmg to hard dryness on the 
■water-bath. Other ammonium salts may be con- 
Terted into chloride by distilling with sodium hy- 
drate, receiving the ammonia given off in dihite 
hydrochloric acid, and evaporating to dryness as 
above. The nitrogen in organic substances may be 
estimated by combustion with soda lime in a glass 
tube ; the ammonia is received in hydrochloric acid, 
and, after the combustion is completed, this is evap- 
orated to dryness, filtered if necessary, and the 
chlorine estimated by -f^ silver nitrate as above. 

ESTIMATION OF AMMONIA WITH BKOMIZED SODIUM 
HYrOCULORlTE.* 

The method is based upon the lact tliat ammonia 
is decomposed by a solution of sodium hypochlorite 
to which free bromine has been added, nitrogen 
being set free. The excess of solution over that re- 
quired to decompose the ammonia is found by titrat- 
ing with -j^ sodium arsenite. 

Preparation of the Bromized Hypochlorite. — One 

* Fres. Zeilsclirift fur An. Cliemie. 3. 04. 



part crystallized aodiiim carbonate is dissolved iu 
lil parts water, aud cliloriue passed tliroiigh the 
cold solution until it is completely saturated. Suffi- 
cient sodium hydrate is then added to make the sol q- 
tion feel slippery when rubbed between the fingers ; 
and just before the solution is to be used, enough 
bromine is added to give it a lemon-yeUow color. 
The solution is diluted until it nearly corresponds in 
strength with the ^ sodium arsenite. The strength of 
this solution is found by measuring out a portion and 
adding fg sodium arsenite until a di'op taken out 
and placed upon paper saturated with a solution of 
. starch and potassium iodide (see estimation of Hy- 
pochlorites) no longer produces a blue stain. 

The analysis is made by adding a slight excess of 
the bronuzed hypochlorite to the ammonia salt, and 
estimating the excess by yf arsenite as above. Know- 
ing the value of the bromized solution in -i^j- araeni 
the amount of ammonia or nitrogen may be cah 
lated from the following data : 



i- arsenite x -0004666 =W 
" X -0005666 = NH, 



1 



The method is not remarkable for accuracy, and 

possesses no advantage over the alkalimetric method. 



NITRIC ACID. 

The specific gravity of the arid being 
percentage amount can be found by the 
table : 
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follofl^H 
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, BY NOHMAL ALKALL 




Litmus is added to the diluted acid, ai 


d normal 


Wkali run in until the color changes. 




L 


A 



c. c. normal alkali x -063044 = HNO, 
" " "X -054044 = ^,0. 

Nitric acid may be liberated from nitrates and 
estimated as above by distilling the nitrate with 
* sulphuric acid. For 1 gm. nitrate, 10 c. c. of watei 
and 5 c. c. strong sulphuric acid are required. Th( 
nitrate is poured into a tubulated retort, which is" 
connected with a receiver containing normal alkali. 
The diluted sulphuric acid is then poured into the 
retort, and the retort buried in sand. The distilla- 
tion is kept up for three or four hours, at a temper- 
ature not exceeding 170° and not less than 160°. If 
the nitrate contains chloride, some silver sulphate 
or moist silver oxide is added. After the distilla- 
tion is complete, the receiver is washed out, and the 
excesa of alkali found by normal acid. 

The distillation may be performed in a partii 
vacuum,* by connecting the retort air tight with 
receiver having two tubulures. Place the normal 
alkali, diluted with water, in the receiver, and the 
dilute sulphuric acid in the retort. Heat the con- 
tents of both vessels to boiling, with the tnbalurea> 
open. When the air is expelled from both vesse] 
drop the nitrate contained in a small glass tul 
through the tubulure of the retort, quickly insei 
the stopper, and then insert the stopper of the 
ceiver and take away both lamps. The retort 
placed upon a water-bath, and, as the nitric acid 
will all go over at this temperature in the vacuum, 
the distillation may be left to take care of itself. 
The gi-eatest advantage obtained by this process is, 

* Finkener, Zeit. Anal. Chem. 1, 300. 
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that there is far less danger of sulphuric acid going 
over with tlie nitric acid than when the temperature , 
is raised to 170°. 

ESTIMATION BY OXIDATION OF FEKROITS SALTS. 

When free nitric acid is added to a ferrous salt, 
it is oxidized to the ferric state, and all the nitric | 
acid is converted into nitric oxide. 

6PeS0. + 2HN0, + 3H,S0. ^ 3Pe.(S0.), + N,0, 
+ 4H,0 

Weigh or measure the substance into a flask, add 1 
some hydrochloric acid and a weighed amount of 
ferrous ammonium sulphate, or a measured volume 
of the decinomial solution. The flask is heated on 
the water-bath for fifteen minutes, while a stream of 
hydrogen or carbon dioxide is passing through it ; 
it is then boiled over the lamp until the solution 
has a clear yellowish color, and all N,0, is driven 
off, tlien allowed to cool, and the excess of ferrous ] 
salt estimated by bichromate. 

Instead of estimating the excess of ferrous salt, 
the amount of ferric salt produced may be esti- 
mated by one of the methods described under Iron. 



BY CONVERTINa INTO HITRIO OXIDE, AND RECON- 
VEETING INTO KITRIO ACID.* 

The following description of this process is taken 
from Fresenius's "Quantitative Analysis" (New 
York, 1871) : 

* Anna.], de Chim., a aer., torn. 40, 479 ; Jour, f. Prakt. Chem. I 
143. 
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"The following method, employed by SchJosing, 
more particularly to determine nitric acid in to- 
bacco, and which affords this very important ad- 
vantage, that it may be used in presence of organic 
matter, has successfully passed through the ordeal 
of numerous and searching experiments. 

" The dissolved niti-ate is introduced into a tlagk 
of 400 c. c. capacity, Fig. 37, which is connected, by 
means of *n India-nrtiber stopper, with a narrow 
glass tnbe o, which is joined by means of a mbber 
tube 8 cm. long with another glass tube that is 
again terminated at rl by a piece of rubber tube. 
At c a pinch-cock 
is placed. The so- 
lution of the ni- 
trate, which must 
be neutral or al- 
kaline, is heated 
to boiling, d be- 
ing stationed in a 
beaker of water, 
^^^ imtd the atraos- 
=— ^!- ' pheric air is per- 
^'°s^- fectly expelled 

from the apparatus. When the vapors that pass over 
completely condense in d, the pinch-cock c is closed 
and the lamp is removed. Water immediately 
rises in the tube and tills it entirely to c. Shortly 
the vapors in the flask condense, as is shown by tlie 
collapse of the rubber tube at c. At this moment 
the tube d is removed from the water and dipped in 
a glass containing a solution of protochloride c 
in hydrochloric acid. 




tdoride of ir^H 



•'The pinch-cock is cautiously opened, so as to 
allow tlie protochloride to eater the fljfik slowly. 
Wken sufficient of the iron solution has been intio- 
duced, the pineh-cock is closed, and d is brought 
into a vessel of hydrochloric acid, and poi-tious of 
this are made to enter the flask in the same manner 
repeatedly, until the tnbes are completely washed 
of all protochloride. In these operations, as in all 
the subsequent transfers, it is needful 
to exclude all traces of air, which is 
easy, provided the drop of liquid 
that liangs to fZ, when it is carried 
from one liquid to another, is not 
allowed to fall off. Finally, the tube 
is rinsed once by allowing the boil- 
ing water to recede, and then, the 
cock being closed, the tube d, still 
fall of water, is passed into the lateral 
tubulure of the receiver, Fig. 38, 
which stands immersed in mercury. 

" The flask is again gently heated, and its contents 
immediately boll with violent thumping. The i 
tion becomes black, and sliortly the collapsed rub- 
ber tube at c shows that there is interior pressure, 
As aoou as this is evident, open the cock and allow 
the nitric oxide gas to pass over into the receiver. 

"The receiver, Fig. 38, has a rough-ground neck, 
which is connected by nibber / with a brass 
cock ;* the latter is likewise joined by rubber to a 
short glass tube r/. Into this receiver, the cock 
being open, some water, free from air by long boil- 

• SucU receivere (Bunaen's gaBomutpt) may lie procured with a 
gtan atop-cock. 




I 




ing, and cooled in a closed vessel, is introdaced by a 
tall fuiinel-tabe fitted into the tabulnre, and thon 
mercury is ponred in until it tills the vessel ap to 
the lower edge of the rubber /. In this operation, 
the cock aud small tube g should be over-tilled 
with the water previously added. The receiver is 
thus empty of all air, and stands with the tabulure 
covered with mercury, as in Fig. 39. 

" By means of a pipette, having a narrow rubber 
tube slipped over ita tip, about 60 c, c. of thiclc and 
well-boiled milk of lime are passed into the receiver 
through the tubulure. This ia to absorb the hydro- 
chloric acid which boils over from the Hask, and the 
receiver is shaken to facilitate the absorption. 

"The nitric oxide, expelled from the flask by con- 
tinual boiling, gathers in the receiver in a state of 
purity. The period of its complete transfer ia ex- 
actly marked by the deposition of the milk of lime, 
which is thrown into agitation by th(> passage of a. 
permanent gas, but quietly condenses or absorbs 
steam and hydrochloric acid. The completion of 
the reaction is also indicated, in case pure ni- 
trates are employed, by the liquid in the tlask as- 
suming the color of pure sesquichloride of iron. 
When dark vegetable extracts are under analysis, 
this indication is not offered. 

"Should the nitric oxide come off in quantity 
greater than tlie receiver can contain at onee, thfi 
cocks are closed, and the lamp is removed from 
under the Hask. The receiver is then emptied, aa 
is subsequently described, charged anew with wat*?r. 
mercury, and milk of lime, reconnected, and tUa 
boiling resumed. When the nitric oxide has been 



oompletely collected in the receiver, it must tie 
transferred to a second flask, to be converted into 
l^tric acid. 

' ' Thia flask, Fig. 39, arranged like the one already- 
described, contains at first about 100 c. c. of pure 
■water, which is boiled to expel all atmospheric air, 
and while still boiling vigorously, is connected with 
the receiver by passing the end of the tube x over 
the glass tube g of the latter. The lamp is then re- 
Kioved, and when collapse of the rubber tube takes 




place, the brass stop-cock of the receiver is slightly 
and cautiously opened, and the gas allowed to re- 
cede into the flask until the milk of lime reaches the 
lower edge of /. The cock is then closed, and the 
last portions of nitric oxide are rinsed into the flask 
by passing into the receiver a few (20-30) c, c. of 
pure hydrogen (washed by passing through oil of 
iritriol and milk of lime), and allowing this to recede 
In the same way. Thia rinsing is repeated three or 
Jour times. The rubber tube is now closed by a 
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pinch-cock at y, and disconnected fi-ora the recei' 
It is then united in the same manner with a. 
holder containing pure oxygen under pressure, and 
the gas is made to enter the flask. It is absorbed 
with the appearance of red fumes and tlie formation 
of nitric acid. After half an hour or so, the flask 
being occasionally shaken, the nitric acid is dis- 
solved in the water of the flask, and may be esti- 
mated by a standard alkaline solution. 

" Friihling and Gronven, who applied this method 
to the estimation of nitrates in plants, extracted the 
dried vegetable with alcohol of 50 per cent, evap- 
orated the solution to a small volnme, precipitated 
with caustic lime, and employed the filtrate for the 
analysis. For details, see their paper."* 

An interesting series of experiments by Eder upon 
the different methods of determining nitric acid 
be found in Presenins, Zeitschrift, 16, 267. 



BY COHTERTING INTO AMMONIA. 



I 



When hydrogen is generated in a solution 
taiuing nitric acid, ammonia and water are formi 

KNO, -I- 8H = NH. + KOH + 2H,0 

For generating the hydrogen, Nesbit uses zinc in 
cold dilute acid solution. Shulze platinized zinc in 
alkaline solution ; Harcourt and Siewart, zinc and 
iron filings in alkaline solution ; and Thoi-pe uses 
zinc covered with precipitated copper in neutral so- 
lution. If the redaction be effected in acid solutioi 



acid solutic^^H 



Ftiie Bolntion must be kept dilnte and cold, and 
" small quantities of acid added at a time. WTiun liy- 
drogen ceases to come off, the remaining zinc is care- 
fully washed, the whole liquid distilled with sodium 
hydrate, and the ammonia in the distillate estimated 
J>y normal acid. 

If the reduction is to be made in neutral solution, 
pieces of zinc covered with finely-divided metallic 
copper (prepared by placing granulated zinc in a 
warm solution of copper sulphate, allowing to stand 
ior ten minutes, and washing the zinc by decanta- 
'tton) are added to the dilate solution of the nitrate, 
which is gradually heated to boiling, and distilled 
for about an hour. The distillate contains the am- 
monia, which is estimated by normal acid. 

When the estimation is to be made in alkaline so- 
lution, 1 gm. of the nitrate, 4 gms. iron filings, 8-10 
gma. zinc filings, and 16 gms. solid potassium hy- 
drate are taken. The solution is gently heated for 
about half an hour, and then boiled until all ammo- 
nia is driven over. 

c. c. normal acid x 063044 = HNO, 

" " " X -054044 = N,0. 

The process is not remarkably accurate. Under 
Certain circumstances of dilution and temperature, 
nitric, and sometimes also nitrous, oxide escapes, 
and the reduction is seldom complete. 



I 



Alkaline nitrates may be estimated by mixing 
Ihem with an equal weight of pure starch in fine 
powder, and six times as much sodium chloride, 



hne ^m 
ide, H 
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and heating in a covered crucible untU deflagration 
takes place. The nitrates are converted into car- 
bonates, which may be estimated by treating the 
black residue with water, and titrating the alkaline 
carbonate in the filtrate by means of normal acid. 
The carbonate is partly volatized by the beat, bow- 
ever, which makes the results too low ; and if sul- 
phates be present, they are reduced to sulphides, 
which make the results too high. 

Neutral metallic nitrates whose bases aie precip- 
itable by sodium hydrate or carbonate may be esti- 
mated by treating them with an excess of normal 
solution, and estimating the excess. (See page 43,) 



NITROUS ACID. 

NiTRors acid, in contact with potassium perman- 
ganate in dihitt; solution, is oxidized to nitric acid : 

5HN0, -I- 2KMnO. + 3H,S0, = 5HN0. + K,SO. 
-I- 2MnS0. + 3H,0 

A large quantity of distilled water is placed in a 
flask, slightly acidified with dilute sulphuric acid, 
and a few drops of centinormal permanganate run In 
so as to color the fluid perceptibly. The nitrous 
acid, or nitrite dissolved in water, is then added, 
and permanganate run in until nearly all the nitrous 
acid ia oxidized. More sulphuric acid is then 
added, and permanganate again until the same 
color is produced as at first. The solution must 



Hnot contain more than -009 gms. nitrous acid per 
Blitre after dilution. As the solution is so dilute, it 
■^becomes necessary to proceed as above, otherwise 
BBte quantity of permanganate used to color the so- 
Rlntion would introduce an appreciable error. 
P The amount of lower oxides of nitrogen con- 
W 'tained in red nitric acid may be estimated as nitrous 
r «.cid by this method. The red acid is measured out 
tin a pipette, and poured from this into a large 
Biqaantity of water colored by permanganate. The 
Hboint of the pipette should be placed below the snr- 
Hbce of the water. Permanganate is then added 
Kintil the same color as at iirst is again produced. 

M c, c. -j^ permanganate x ■00023& = HNO, 
I " " " X -00019 = NA 

■ The strength of the -j-Fir permanganate may be de- 
B termined by titration against a weighed amount of 
■'pure silver nitrite, which is prepared as follows : 
KPnre potassium nitrate is fused at a strong red 
Vlieat for some time, allowed to cool, dissolved in hot 
H water, and the greater part of the undecomposed 
H nitrate crystallized out ; the potassium nitrite 
H being very soluble, remains in the mother liquor. 
U A small portion of the mother liquor is then treated 
E with a few drops of silver nitrate. If the precipi- 
I tate is brown or yellowish, the heat has been too 
K intense, and a portion of the nitrite been decom- 
B posed. Add nitric acid to the rest of the mother 
B liquor until a portion tested with sUver nitrate 
■gives a white precipitate, and then add silver 
B nitrate until a precipitate ceases to form. The pre- 
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cipitate is washed with a little cold water, diasolved 
ill boiling watPi-, and recrystallized once or twice. 
The crystals obtained have the composition AgNO,, 



CYANOGEN". 

When silver nitrate is atlded to the solution of an 
alkaline cyanide, the following reaction takes place : 

2KCN + AgNO, = KNO, + KON",AgCN" 

The potassium silver cyanide formed is soluble. 
As soon, however, as the smallest quantity of silver 
nitrate beyond that required to perform the above 
reaction is added, tlie double cyanide is in turn 
decomposed, KCN',AgCN + AgNO, = KNO. + 
2AgCN, and a precipitate of sUver cyanide immedi- 
ately appears. The cyanogen to be estimated must 
be in alkaline solution : ^^^ silver nitrate is added 
with constant shaking nntil a faint permanent pni- 
cipitate nimains. 1 molecule stiver nitrate = 2 
molecules cyanogen, or hydrocyanic acid. ^H 

c. c. yV silver nitrate x -0059 = CN ^H 

" " " " X -0054 = HON ^B 

" " " " X -01304 = KCN 

Double cyanides, or cyanides insoluble in dilate 
alkali, cannot be determined as above, and it be- 
comes necessary to decompose them by means of 
hydrochloric acid in the flask, Pig. 40.* 

• Curl Molir, Lleblg's Aonalen, B5, 110. 
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If all the hydrochloric acid were added at once, 
•he hydrocyanic acid prodnced would be partially 
decomposed into formic acid and ammonia. For 
4his reason, the hydrochloric acid to be used for the 
decomposition is sucked into the pipette, and the 
cyanide, together With some water, is placed in the 
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flask. The water in the flask is then heated to boil- 
ing, and the hydrochloric acid allowed to flow in 
J slowly, drop by drop. In this way the hydrocy- 
I anic acid formed by each drop of hydrochloric acid 
I distils over immediately with the vapor of water, 
L and is condensed by means of the Liebig condenser. 
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The hydrocyanic acid produced is received ir*^ -'^ 
a dilute solntion of potassium hydi-ate, and tlit^ -*'^ 
amount of cyanogen found by y^ silver nitrate. 

Instead of adding silver nitrate to the solutioKi:*^ •' 
until a precipitate begins to form aa above, the solu — ■^ 

tion containing the cyanide may be slightly acid ^ 

iHed and silver nitrate added until a precipitate^^^ 
ceases to form, as in the estimation of chlorine. — ■^ 
The silver cyanide, liiie the chloride, balls together^*^* 
by violent agitation, and settles rapidly, leaving the«^»-' 
fluid clear. ^^ 



ESTIMATION BY IODINE. ^^H 

When the solution of a cyanide is treated with -*^ 
iodine, the following reaction occurs : 



KCN + 21 = KI + CNT 

It is necessary that the solution be alkaline, but 
it must not contain free caustic alkali. As this ia 
usually the case with commercial cyanides, it 
remedied by adding a sufficient quantity of satu- 
rated solution of carbon dioxide in water, to con- 
vert the alkali into acid carbonate. If the water be 
saturated under pressure (soda water), less will be 
required. Starch is added to the solntion, and io- 
dine run in until the blue color appears. The solu- 
tion should be dilute, about 3-4 gms. cyanide 
litre. 
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r iodine X 0013 = CN 
' " X 003269 = KC: 



yanide to a ^^| 



ESTIMATION BT SOLUTION OF COPPER SULPHATE. 

The method is the exact reverse of the method for 
"copper. A solution of copper sulphate is added to 
the ammouiacal solutiou of the cyanide, untU the 
blue color at first produced 'hy the copper no longer 
disappear^ If the operation ia performed in a por- 
c^in dish, it is easy to hit the exact point. 

As in the estimation of copper, the reaction va- 
ries with the dilution, temperature, and amount of 
free ammonia, and the results are by no means 
exact unless the standardizing of the copper solu- 
tion and the analysis are performed under precisely 
similar conditions. Whether the cyanogen be esti- 
mated by silver nitrate, iodine, or copper sulphate, 
sulphides must first be removed. This may be 
done by adding some freshly precipitated and 
washed lead carbonate to the solution, and filtering. 



POTASSIUM PERROCYANIDE AND PERKO- 
CYANIBES. 

The amount of ferrocyanogen in alkaline ferrocy- 
anides may be estimated by oxidizing to ferricy- 
anide by means of permanganate or bichromate. 
With permanganate the reaction is as follows : 

5K,Fe(CN). + KMnO. + 4H,aO. = 5K,Pe(CN). 
+ 3K,S0. + MnSO, + 4H,0 

The permanganate is added until the color 



changes from yellow to reddisli yellow. If any 
donbt exist as to tlie point, a drop may be taken 
out by means of a glass rod, and tested with a drop 
of ferric chloride. If unchanged ferrocyanide re- 
mains, it produces a blue color. If the sulistance 
to be examined contains sulphides, these must be 
removed by previous addition of lead carbonate, 
and if snlphocyanide be present, the method is al- 
together inapplicable. 



^permanganate x -03688 = K.Fe(CN), 

' " x-04228 = K.Pe{CN). + 3] 
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BT PRECIPITATION WITH COPPER SULPHATE. 

Applicable in presence of Sulphocyanides. 

The copper solution contains 10 gma. copper enl- 
phate (CuSO, + 6H,0) per litre. It is added to the 
fluid containing a little free sulphuric acid until a 
drop of the turbid fluid, placed upon fine white 
filtering-paper near a drop of ferric chloride, no 
longer produces a blue line at the junction of the 
two liquids. 

The strength of the copper sulphate solution is 
found by titrating against a known weight of pore 
ierrocyanide. 

The method is only fit for technical purposes. 

Most insoluble ferrocyanides may be converted 
into potassium ferrocyanide by boiling them with a 
strong solution of jwtassium hydmte and filtering 
from the metallic oxide left behind. 



• Boblig, Polyteclin. Noli»b]i,K, IB, 81. 
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In a solution contaming other substances capable 
of reducing permanganate, the ferrocyanide may be 
determined by precipitating with ferric chloride, 
washing the precipitate, decomposing with potas- 
Biam hydrate, and titrating the lilteired solution. 



POTASSIUM FERRICYANIDE AND FERRI- 
CYANIDES. 

Potassium ferricyanide is best estimated by re- 
ducing it to ferrocyanide, and then estimating the 
ferrocyanide by potassium permanganate. 

The reduction is best made in alkaline solution, 
by means of a solution of ferrous sulphate. This is 
added while the solution is heated, until the precip- 
itate produced is black in color (Fe,0,), and heated 
for a few minutes longer. The fluid is then filtered, 
and the precipitate thoroughly washed, the filtrate 
is acidified with dilute sulphuric acid, and titrated 
with permanganate. 

In the estimation by bichromate and permanga- 
nate, the fluid generally becomes slightly turbid 
towards the end of the reaction, but this does not 
interfere. 

A quicker method is to dilute the solution to 300 

c. c, allow the precipitated iron oxides to subside 

completely, take out 100 c. c, acidify, and titrate 

with permanganate. On account of the volume of 

lipitated oxides which is not taken into account, 

small error is introduced. 
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c. c. -^ perman. or bichroin. x -1)3294 = IC,Pei,CNi, 

Most insoluble ferricyanides may be converted 
into the potassium salt by boiling with strong aolu- 
tiou of potassium hydrate. 

BY IODINE AND THIOSULPHATE. 

When potassium iodide is added to an acid solu- 
tion containing zinc ferricyanide, the ferricyanide is 
reduced to ferrocyanide and iodine separates. 

2Zn,(Pe(CN),), + 4HC1 -1- 4KI = 3Zn,Fe{CN). + 
4KC1 + H,Pe(CNj. + 4l 

The iodine is then measured by means of fir thiO' 
sulphate and starch. Dissolve the ferricyanide in 
water, add some crystals of potassium iodide free 
from iodate, and allow them to dissolve ; then add 
hydrochloric acid and a sufficient amount of solu- 
tion of zinc sulphate to precipitate all the ferricy- 
anogen. Allow to stand a few minutes, add an ex- 
cess of sodium bicarbonate and a few drops of starci 
solution, and run in f^ thioaulpliate until the bine 
color is destroyed. 

c. c. ^ thiosulphate x -03296 = K,Pe(CN). 



PHOBPHORL'S. 

Phosphorus is always dettirmined 
cally aa phosphoric acid. 
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PHOSPHORIC ACID. 

:CEPT in oertatn special cases where phosphoric 
Sd must he determined rapidly, and the very 
reatest degree of accuracy is not necessary, phos- 
[loric acid should be determined gravimetrically, 
»ferably by precipitation aa phospho-molybdate 
unmonia, if iron, alumina, etc., be present. This 
bcipitate is then dissolved in ammonia, and the 
i>8phoric acid precipitated as ammonium magne- 
m phosphate, ignited, and weighed. With care- 
work, this method yields results which are 
aost perfectly accurate. Detailed directions will 
found in works on gravimetric analysis. 



BY URANIUM ACETATE. 

rtTien a solution of uranic acetate, made acid by 
rtic acid, is added to a solution containing phos- 
Oric acid, the phosphoric acid is completely pre- 
iitated as uranic phosphate, Ur,0,P,Os + Aq, or in 
esence of ammoniacal salts, 2(Ur,0,), NH.OP,Os + 

.■* 

rhe proportion which the P,Oj bears to the ura- 
,m is the same in both these salts, and, for ana- 
Heal purposes, it makes no difference which is 
rmed. 

Solutions Rpquired. 

I. A solution of uranic acetate or nitrate, made 
dissolving about 34 gms. to a litre. 

• Satton, Vol Anal. p. 319, Phlla. 1876. 



2. Solution of sodium phosphate, made by dissolT-1 
ing 10-0877 gms. of the pure uneffloreaced crystals, [ 
which have been dried by powdering them and 
pressing between filter-paper, in a litre of water. 

3. A solution of sodium acetate, made by dissolr- 
ing 100 gms. of the salt in water, adding 1(K) c.c. 
a,cetic acid, sp. gr, 1-04, and diluting to a litre. 

4. A solution of potassium ferrocyanide, made by 
dissolving a few crystals in water. 

The solution of sodium phosphate is taken as the 
standard, and must be carefully prepared from pure 
materials. Sutton recommends that, as a check, 
50 c. c. of the solution be measured into a platinnm 
crucible, evaporated to dryness, ignited at a strong 
heat, and weighed. The sodium pyrophosphate 
obtained should weigh ■ 1874 gms. 

The strength of the uranium solution is found by 
titrating against 50 c. c. of the sodium phosphate 
solution. It should be so regulated that 20 c, c. 
uranic solution are equal to exactly 50 c. c. of the 
sodium phosphate. 

The analysis is made as follows : The substance 
to be analyzed should contain about -1 gm. P,0,, 
It is dissolved in water, or as little acetic acid as 
possible, S c. c. of the sodium acetate solution 
added, and the solution diluted with water till it 
amounts to 50 c. c. Attention must be paid to this 
point, since great variations in the amount of dilu- 
1 and of sodium acetate, acetic acid, and amrao- 
ilts present, influence the end reaction. The 
1 is now heated to a temperature just below 
' point, and uranium solution ran in at 
, then by smaller portions at a time- 
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-After each addition, a drop of the liquid is taken 
out upon a porcelain platu, aud added to a drop of 
the ferrocyanide solution. As long as phosphoric 
acid remains in solution, no change occurs ; but as 
soon as the uranium solution is in excess, a faint 
brownish color, due to uranic ferrocyanide, is pro- 
duced. When ammonia is present, this brown color 
is produced sooner than when it is absent, and it is 
hence necessary, when we estimate phosphoric acid 
in a solution containing ammonia, to find the 
strength of the uranium solution by titrating against 
60 c. c. sodium phosphate, to which 2 or 3 c. c. of a 
standard solution of ammonium cliloride have been 
added. 

BY FEKKIC SALTS, 

The method is precisely the same in principle as 
I tlie one previously described, a ferric instead of a 
' uranic salt being employed. The method by ferric 
salts, however, while it has the disadvantages which 
attend the use of the uranium method, has some ad- 
ditional ones peculiar to itself. The moment when 
the ferric salt is in excess is determined by testing 
with a drop of ferrocyanide, when a blue color is 
produced. Ferric phosphate itself, howev«r, is 
colored blue by ferrocyanide, and we must hence 
Alter the solution by some means before testing it. 
This is best done by taking out a drop of the solu- 
tion and placing it upon a piece of filter-paper, 
which lies upon a second piece of tlio same kind. 
As soon as the fluid has soaked through, the upper 
piece ia lifted off, and a drop of ferrocyanide 
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touched to tlie middle of the wet spot produced on 
the lower piece. If a blue color is produced, the re- 
actiou is completed. This plan ia better in this case 
than to test with tlie drops placed uear one another 
upon filter-paper, and allowing them to rnii to- 
gether. The solution of ferric salt, when it runs 
into the fluid containing the phosphoric acid, being 
changed to ferric acetate ; and ferric acetate, if it be 
allowed to pass through several thicknesses of filter- 
paper, gives up a part of its iron, which remains in 
the paper. For this reason, it is best to make the 
solution travel no further thi'ough filter-paper than 
can be avoided. If the ferric phosphate be allowed 
to stand for any length of time in a solution contain- 
ing an excess of ferric acetate, it alters in composi- 
tion, taking iron from the solution. For this rea- 
son, it is necessary to finish the titration as rapidly 
as can be conveniently done, and testing the fluid 
for excess of iron immediately after each addition, 
simply stirring the fluid beforehand. As with the 
uranium method, the substance taken should con- 
tain about ■ 1 gm. P,0„ and the volume of liquid be 
about 50 c. c. A convenient substance for preparia^^ 
the iron solution is ferric ammonium sulphate (T 
Alum). 



By Lead Salts. 






Mohr gives a method for the estimation of phoa- 
phoric acid by lead salts ; the end of the reaction 
being the point at which a precipitate ceases to 
form. The method has no advantage over the two 
preceding. 






Br PKECIPITATION AS tTRANIC PHOaPIIATE AND 
ESTIMATINQ THE URANIUM.* 

The solution containing the phosphate, which may 
Tse dissolved in wattr, acetic, dilute hydrochloric, or 
even a small quantity of nitric acid, is diluted to a 
definite volumt!, and 50 or 100 c. c. measured out for 
'analysis. When mineral acid is present, a corre- 
sponding quantity of ammonium acetate is added, 
then ammonia in excess, and finally acetic acid to 
:acid reaction. The solution is heated to boiling, 
*nd an excess of a solution of uranium acetate add- 
Boil for a few udnutes, then allow the pre- 
cipitate to settle and decant the clear liquid (which 
Innat have a clear yellow color from excess of ura- 
nium acetate) upon a filter, and wash the precipitate 
'by decantation with a hot solution of ammonium 
Ichloride (made by adding to a saturated solution 3 
or 4 volumes of water). Finally bring the precipi- 
tate upon the filter and wash thoroughly with the 
solution of ammonium chloride. The precipitate is 
'dissolved in hot dilute sulphuric acid on the filter, 
'and the filtrate and washings reduced by means of 
amalgamated zinc and platinum. (See under Iron.) 
The reduction is from Ur,0, to UrO, and requires 
*from 16 to 30 minutes for its completion. The re- 
salting solution is poured off from the zinc and 
titrated with -j^V permanganate. 

c. c. YY pernianganate x -00142 = P.jO, 

• BL'lolioubek, Fres. ZoLlHebrift, 10, 104. 



ALKAIIMETEIC METHOD.* 

The phosphoric acid must be precipitated as 
monia magnesium phosphate, which is accomplished 
as follows : The solution, which must contain 
neither iron, alumina, barium, strontium, lime, nor 
any of the heavy metals, is brought to a small vol- 
ume and made alkaline by means of ammonia. 
Chloride of ammonium and magnesia mixtui-e f 'M'e 
then added, and the solution rapidly agitated by 
stirring with a glass rod. The precipitation* under 
these circumstances, is complete in 3 or 3 hours. 
The precipitate is collected on a filter and washed 
with a mixture of 3 parts water and 1 part ammunia 
solution until the filtrate, when acidified with nitric 
acid, is no longer rendered turbid by silver nitrate. 
The precipitate and beaker are now further washed 
with spirit of wine of neutral reaction until the fil- 
trate no longer renders red litmus paper blue, then 
the filter and contents are returned to the beaker, 
100 to 200 c. c. water added, then a few drops of 
solution of cochineal and ^^ acid run in with con- 
stant stirring until the color of the cochineal clianges 
from violet to yellow, and remains so upon standingi).. 

The process depends upon the fact that the a: 
mouium magnesium phosphate is alkaline to cocl 
neal, and that this continues until the ammoj 
which it contains is saturated by an acid.J 
c. c. fV acid X -00355 = P,0. 

" Stolba. Prea. Zeitsclirifi, 10, 100. 

f Hade bv diaaolviug 1 part magneEioni chloride and 1 part ammo- 
nium plilctride in 6 parts trater, addiug 4 parts ammonia sp. gr. 0-H, 
allowing: to staud, and filtering- 

i See bIbo Maly, Fres. Zait. 15, 417. 
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ESTIMATION OF PHOSPHORIC ACID IN 
BONE ASH, ETC. 

SirxTON recommenda that the ura.nium be titmted 
agamBt a solution containing a known amount of 
tiilmsic calcium phospliate. Such a solution may 
"be made hy dissolving about 4-5 gms. of the triba- 
sic phosphate in nitric acid, and diluting to about 
50 c. c, then taking a measured volume in a plati- 
num crucible, adding ammonia, and evaporating to 
dryness, then igniting, gently at first to expel the 
ammonium nitrate, afterward more strongly, plac- 
ing the crucible under the desiccator until cool, and 
then weighing it as rapidly as possible. After the 
solution is diluted to the proper strength, it must 
contain 2 gms. P,0„ or4'3662gms.Ca,P,0, per litre, 
and 30 c. c. of such a solution evapoi-ated to drj'- 
nesB and ignited as above should give -0873 gms. 
Ca,P,0,. The uranium solution is standardized toy 
means of this solution of calcium phosphate ; 50 
c c. of the phosphate solution are measured into 
a beaker, and strong solution of sodium hydrate 
added until a cloudiness is perceptible, then 5 c c. 
of the sodium acetate solution, which causes the 
fluid to become clear again. Nearly 20 c. c. of the 
uranium solution are then added at once, the solu 
tion heated nearly to boiling, and uranium added 
by small portions until the "brown coloration is pro- 
duced with potassium ferrocyanide. Where calcium 
phosphate is present, it is necessary to add neai'ly 
all the uranium solution at once, and without heat- 
ing, since if this were not done, some of the calcium 
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phoapliate might be precipitated along with the 
ui'anic phosphate, and the accuracy of the process 
diminished. It will he noticed that in testing the 
fluid for excess of uranium when the process is fin- 
ished and the uranium is in excess, the brown color 
caused by mixing the two drops gradually becomes 
more intense upon standing. For this reason, 
both in standardizing the ui-anium solution and in 
making the analysis, it is best to note the color pro- 
duced immediately upon adding the drop of ferrocy- 
anide without waiting. If we wait for tlie develop? 
ment of the color, the same length of time nu 
be allowed in every case. 



ESTIMATION OP PHOSPHORIC ACID TN 
GUANO, SUPERPHOSPHATES, ETC* 

When the guano or superphosphate contains less 
than i % iron and alumina, the phosphoric acid may 
be estimated by precipitation from the solution in 
water to which acetic acid has been added, by the 
standard uranium solution. If much ii-on or alu- 
mina be present, the best plan is to precipitat« the 
whole of the phosphoric acid from the watery esrtract 
by adding nitric acid and ammonium molybdate. 
The precipitate is waslied, dissolved in ammoni 
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•The proper treatment of this subject wonld require 
epnce for a volume of this siae. For details, the toUowing pcpen 
majbo consulted: Fres. Zeit. 10, 133; Ibid. Ifi, 183. Bee also Sat- 
ton'H Volumetric Analjaia, wliicli ia very full upon this aubjeot. 
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I and the phosphoric acid precipitated by magnesia 
T mixtare as ammonium magnesium phosphate. This 
[is collected on a tilter, andita amount determined 
I by burning and weighing, or by titration with stand- 
I ard acid. 

For methods of determining the "gone-back" 
f -phoBphoric acid, the student must consult the works 
' of Sutton, Fresemiis, and Molir. A great deal of . 
_ quackery is prevalent as regards the methods ot 
determining phosphoric acid in artificial manures, 
and statements upon the subject must be carefully 
examined, and their source ascertained before being 
accepted as true. 



SULPHUR COMPOUNDS. 
SULPHUR. 

Sulphur is best estimated by converting it into 
Bulpburio acid. This is easUy accomplished by 
heating the tinely-powdere(\ substance with strong 
nitric acid to which some crystals of potassium 
chlorate have been added. The solution is covered 
with a watch-glass until all spirting has ceased, 
and then evaporated to dryness on the sand-batli 
with an excess of pure hydrochloric acid. The resi- 
due is dissolved in hydrochloric acid, and again 
pvaporated to dryness, re-dissolved in water, a few 
drops of hydrochloric acid added, and the sulphu- 
ric acid estimated by ^ barium chloride. (See Sul 
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phuric Acid.) The sulphur of most insoluble sul- 
phides may be oxidized to aulphuric acid and deter- 
mined in the same way. The object of the evapora- 
tions is to drive off tlie nitric acid, which interferes 
with the estimation of tlie sulpliui'ic acid. 

Tlie sulphur in sulphides may also be oxidized by 
fusiou in a glass tube, with nine to ten times their 
weight of a mixture of equal parts of uitre and dry 
sodium carbonate.* The tube used is six inches in 
length, sealed at one end, and may be made from 
combustion tubing. lu the open end, a cork and 
delivery-tube are inserted, the latter reaching to the 
bottom of the flask in which the titration is to be 
made. One gramme of the finely-powdered sulphide, 
intimately mixed witli ten times as much of the ni- 
tre and sodium carbonate mixture, is introduced in 
this tube without loss, and the cork with the deliv- 
ery-tube inserted. The end of the delivery-tube is 
then placed in a flask, and tlie tube containing the 
sulphide heated in small portions at a time, with the 
Bunsen lamp, commencing, as usual, with the anterior 
portion. When the operation is progressing favora- 
bly, the deflagration proceeds for a few seconds 
after removing the flame. There is no danger to bt» 
apprehended, and with proper care the tube does 
not crack or blow out. Wlxen deflagi-ation ceases, a. 
eoU. of wire gauze is slipped over the tube, and this 
is heated more strongly by means of a gas flame. 
It is not necessary that the contents be perfectly 
fused. The gaseous products of the combustion 
carry over sulphates whicli collect in the bottom of 
the flask. They are brought into solution by a " " 

* Holland, Ckem. News, xxvii. IS. 
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ing sorao water, covermg the mouth of the flask 
with the palm of the hand, aud shaking. The de- 
livery-tube is rinsed into the same liask, and tlie 
ignition-tabe, with its contents broken, placed in the 
flask, aud hydi-ocldoric acid added to bring the con- 
tents in solution. The solution is nearly neutraliaed 
with ammonia, and the sulpharic acid determined 
ty YiT barium chloride. 

ALKALIMETRIC METHOD FOR SOLFHUR IN SULPHIDES. 

This method is best adapted for the estimation of 
sulphur in copper and iron pyrites for technical 
purposes. The results are by no means exact, and 
vary at times as much as IJ %. 

One gm, of the very finely-powdered sulphide is 
mixed intimately with 5 gme. pure dry sodium car- 
bonate ; 5 gms, potassium chlorate and 5 gms. de- 
crepitated sodium chloride are then added, and the 
whole mixed together in a platinum, iron, or copper 
crucible. The mixture is then heated to dull redness 
for 10 minutes. The sidphide is oxidized, and the 
sulphuric acid formed combines with a portion of the 
sodium carbonate, expelling an equivalent amount 
of carbonic acid. 

The mass is cooled, dissolved in water, the solu- 
tion made up to 500 c. c, 100 c. c. taken out with a 
pipette, and the amount of sodium carbonate re- 
laainLng determined by normal acid. 

A better plan is to filter the solution, wash the 
residue well, and estimate the sodium carbonate in 
excess by normal acid as above. The inaccuracy of 
the process ia caused by the volatilization of some 
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of the sulphur in the form of chloride, and also the 
formation of ferric sulphate from which the acid is 
expelled at a red heat. The reaction involved ia 
follows : 

2PeS, + 5KC10. + 4Na,C0, = Fe,0, + 4Na,S0, 
5KC1 + 4C0, 

The sodium cbloride is used to moderate the vi< 
lence of the reaction. Where roasted pyrites is 
under examination, it may be entirely dispensed 

with. 

Na,CO, X '3016 = S 

Kolh's modification of the above process. — If t 
ore contains more tlian 1Q% sulphur, 6 gms., if lee 
10 gms. of the finely-powdered substance is int£ 
mately mixed with 50 gma. finely-pulverized cupri 
oxide, and 5 gms. pure dry sodium carbonate. ^~ 
mixture is heated in a dish of platinum, iron, or co] 
per, but not to full redness. After about 15 min- -^ 
ntes' heating, the mass is cooled, dissolved in water, 
and the excess of sodium carbonate estimated in the 
filtered solution. This process is especially adaptc 
to the technical examination of roasted pyrites. 
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ESTIMATION OF SULPHUR JS ALKALINE SULPHIDEa 

The estimation is the exact reverse of the j 
for estimating zinc by sodium sulphide. The zinc 
solution ia made by dissolving 32 1717 gms. zinc 
potassium sulphate (ZnS0..K,S0„6H,0) in water, 
adding ammonia until the zinc hydrate at first pre^J 
cipitated is i-edissolved, and diluting to a lit! 




' The zinc potassium sulphate is made by mixing hot 
Bolutions of zinc and potassium sulphates in the pro- 
portion of 287-16 ZnS0,-7H,0 to 174-274 K,SO., and 
allowing the solution to cool while it is constantly 
stirred. The crystals are dried with the Eunsen 
pump and hy pressure between iUtering-paper. 

If perfectly pure zinc can be obtained, 3 -258 gms. 
dissolved in hydrochloric acid, and after addition 
of sufficient ammonia dilated to a litre, gives a solu- 
tion of the same strength. The sulphide is dissolved 
in water, and the zinc solution added until a drop 
taken out and tested on filter-paper, with the alka- 
line lead solution, no longer gives the black ring at 
the point of contact. Aa in the estimation of zinc, an 
excess of sulphide is present as long as the black 
ring is formed, and when this is no longer the case, 
sulphide may stiU be present in small quantity. A 
correction must be applied in the same way as in 
the estimation of zinc, except that in the case of 
rinc, the correction is subtracted from the whole 
amount of c. c. used, while in this instance it must 
"be added. 

The following examples show about the amount 
of the correction necessary, and tlie influence of 
dilution. Sodium sulpliide was added to pure water 
until the black ring made its appearance on testing 
■with alkaline lead solution. 



100 
150 
200 



3 c. c. of water required 



S c. c. Na,S 



Kxarapli-' : -2 gnis. of a specimen 
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, of cnide sodium 
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After t^l 
nd its vol^l 



sulphide requires 30 c. c. zinc solution, 
estimation, we measure the tlQid, and find i 
ume to be about 70 c. c. ; 70 c. c. of water are then 
taken, and sodium sulphide solution, about equal 
in strength to the zinc solution, added drop by drop 
until a drop taken out gives the black ring witf 
alkaline lead solution ; -Sec. are required ; 30 c. < 
— -Sec, = 2S) -70.0., which, multiplied by .0016, 1 
equivalent of 1 c. c. in sulphur = -04752 S = 23-76| 

c. c. zinc solution x -0016 = S 

" " " X -0039 = Na,S 

" " " X -00551 = K,S 

" " " X 0034 = {NH.).S 

Sulphides may also "be estimated by adding i 
excess of zinc solution, washing the precipitate 
sulphide rapidly out of conta(!t of air, digesting witS 
an excess of ferric sulphate, and estimating the fer- 
rous salt with permanganate (see Zinc) ; -fg perman- 
ganate X -0010 = S. 

Sulphydric acid may be measured by either 4 
these methods, but not with very great accuracy. J 



SULPHYDRIC ACID. 

By Permanganate. 

When ferric sulphate is added to a solution a 
H,S in water, the following reaction takes place ; 

Fe,(SO.), -I- H,a ^ SFeSO. -|- n,SO. + * 



The Bulphnr separates as a wliitc powder, making 
he fluid milky. The PeSO, formed is a measure of 
the H,S, and may be estimated by permanganate. 
The finely-divided sulphur does not interfere. 

An acid solution of ferric sulphate, which must of 
course be free from ferrous sulphate, is poured into 
a flask, and the solution of hydrogen sulphide meas- 
ured in from a pipette whose point just touches the 
surface of the solution in the flask. Tlie flask is 
closed and allowed to stand for an hour, shaking 
occasionally. At the end of this time, the fluid 
must still possess a yellowish color, due to excess of 
ferric sulphate, and upon opening the flask, no smell 
of hydrogen sulphide should be noticed. The solu- 
tion is diluted and titrated with permanganate. If 
the solution of hydrogen sulphide is very dilute, it 
should stand 3 or 4 hours before being titrated. 

When the solution containing H,S also contains 
bhiosulphates, or other substances which exercise a 
reducing action upon permanganate, the H,S must 
be precipitated by ammoniacal zinc solution added 
n excess, the precipitate rapidly washed, trans- 
Berred to a flask containing an acid solution of ferric 
Sulphate, and after standing half an hour in a warm 
place, the solution diluted and titrated by penuan- 
ganate. 

c. c. -^ permanganate x -0017 = H,S 
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BY IODINE AND THIOSULPIIATE. 



When iodine and hydrogen sulphide are brought 
together in solution, the following reaction occurs : 
H,S + 21 = SHI + S. 



Tbt- reaction is not regular, however, when per- 
formed in acid solution. Mohr lias found that when 
ammonium carbonate or bicarbonates of the alka- 
line metals are added to the solution to alkaline 
reaction, the results are constant and represented 
by the above equation. 

The solution of H,S is diluted, carbonate of am- 
monia added until the solution reacts alkaline to 
litmus paper, starch added, and then iodine sola- 
tion until the tlue color appears. Where great ex- 
actness is required, it is preferable to add starch to 
a quantity of water, and color light blue by a drop 
or two of iodine, then add tlie solution of H,S and 
some ammonium carbonate, and then run in ioi 
until the same color is produced. 



c. c. A iodine x -0017 = H,S 



iodii^^ 



The estimation may likewise be made by adding 
the solution of H,S to a solution of copper sulphate, 
boiling for a few minutes, filtering off the precipi- 
tated sulphide, dissolving it in nitric acid, evapo- 
rating the solution to dryness, with excess of sul- 
phuric acid, and estimating the copper by means of 
potassium iodide and sodium thiosulphate. (See 
Copper.) 

c. c. ^ thioaulphate x -0017 = H,S 



BY SODIUM ARSENITE. 

When H,S ia added to a solution of sodium 
nite, the reaction which occurs is as follows : 

Na^AsA + 3H,S = 3NaOH + A8,S. + 211,0 






Add tlie Bolutiou of H,S to a solution of sodium 
arsenite, acidify sligiitly by means of hydrochloric 
acid, filter off the precipitated arsenious sulphide, 
add ammonium carbonate to the filtrate to alkaline 
reaction, and measure the excess of arsenious acid 
lay ^ iodine and starch. 

c, c. ^ Bodium arsenito X ■ 00355 = H,S 



BY SILVER ?> 



( SODIUM CHLORIDE. 



The solution of hydrogen sulphide is addi^d to an 
excess of ^ silver nitrate (see Silver), and the precipi- 
tate of Ag,S filtered and washed. In the filtrate, the 
excess of silver is det<?rmined by one of the methods 
given under Silver, If it be estimated by means of 
Bodiam chloride with chromate as indicator, it is 
necessary to first neutralize the free acid produced 
by the action of the hydrogen sulphide upon the 
inlver nitrate by means of a weak solution of sodium 
carbonate. 

2AgN0, + H,S = Ag,S + 2HN0. 

c. c. -ra silver solution X -0017 = H,S 






ESTIMATION OP SULPHUR AND AMMONIA 
EST ILLUMINATING GAS. 

Sadler and Silliman, in a paper read before the 
American Institute of Mining Engineers, and pub- 
lished in the American Chemist, vol. vii. p. 349, 



TOLLTIETRIC ASALTSia 



Lave described a volumetric process tor estiinatiiig 
sulphur and ammonia iu illuminating gas, which 
has advantages over the gravimetric process. The 
following description is taken from their paper. 



Description of the Apparatus. 



J 



The apparatus represented in Pig. 40* is of glai 
except the governor b, tlie meter i with its connect 
tions, and the burner with its case Jc, which are of 
metal ; d performs the office of a scrubber. It is 
an inverted calcium chloride or bubbling tube of 
about 60O c. c. capacity, with a thh-d hole drilled 
for the admission of the stopper h, which carries a 
wire to support ammonia, acid, and hydrogen sul- 
phide test-papers. The larger cylinder is filled with 
broken glass and supplied with standardized acid 
from the bottle u by means of tlie syphon tube tj, 
which is fitted with a stop-cock. The gas is admit- 
ted by the tube c, extending 5 cms. into the cylinder, 
and the acid escapes into a liask* below by the tube 
e, which is bent to form a seal. The meter and 
burner are substantially those used by the Ref- 
ereeB.+ Tlie adaptor or eductor ? is 50 to 60 c. c, 
high, the diameter at the base about 7 cms., and 
the smallest internal diameter at least li cms. : m 
has a diameter of 2 cms., with an opening drawn 
out at the bottom for the escape of the drip from 

• By an error of tLe engravsr, a benker waa substituted Jor a flask 
In tbe cut. 

\ First report of ibe Qas Rufernes upon the sulpliar question, Jul.v 
13th, 1870. Heported in Londoa Journal of Gai-Lighting, etc, Aogi^i 
IBlh, 1870. ^ 
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230 VOLUMETRIC ANALYSIS, 

n; TO ia a strong tube 3^ cms, in diameter by 
cms. long, filled with glass marbles li cms. in di- 
ameter. This tube serves as a condenser, and alsa 
to break up the ascending current from the burner, 
and bring it into intimate contact with a standard 
alkali, dripping upon tlie marbles through the tube 
and stop-cock o, from the pipette^. This measures 
200 c. c. by halves, and is 60 cms. long. At the 
ginning of an experiment, it is filled by the three-' 
way pipe q from the bottle t, by opening the pinch^ 
cock T. 

The apparatus is most conveniently mounted' 
against the wall; the meter and bottles standing 
upon shelves, and the burner and flasks upon 
swinging brackets. The remaining parts are then 
secured by clamps driven or screwed into the wall. 

Mode of ManipulatioTi. 

Solutions of caustic soda or potash and an acid 
sulphuric or oxalic, are provided, of such strengi 
that 1 c. c. has a saturating power exactly equal 1 
■^ grain of sulphur in the form of sulphurona ( 
sulphuric acid. The containing bottles and the ' 
pipette being filled, the gas is liglited and regulated 
by the governor, as near as may be to the rat« of ten 
feet in twenty-four hours. The stop-cocks in o and 
g are then opened so that 10 c. c. will pass each for 
one foot of gas burned.* After half an hour or a 

* Great difficalty wai esperienccd in aecuring an uninternipW ■nd 
uniform iow of the aolulinnH. Tlie purest distilled walRr Beemed t< 
carry down impuHtiBS aufficient trj cboke the capillary npeniuga ot 
tbe Hlop.coclts, wliioli, at the proper rate, paaa but four drops per 



hoar, when the apparatus haa attained its normal 
working, a clean Hask is placed under each drip, 
while the meter and the quantity of alkali solution 
I the pipette are accurately noted. 

When, thereafter, 10 feet liaye passed the meter, 
which will be in about twenty-four hours, the quan- 
tity of alkali which haa flowed from the pipette ia 
determined and the flasks are removed, others being 
Substituted if a test is desired for the following day. 

The free and carbonated alkali present in the 
drip is then to be saturated with the standard acid ; 
but since with litmus, and even with cochineal,* 
the carbon dioxide obscures the point of neutraliza- 
tion, it is best to add a quantity of acid equal to 
the total alkali used, and, after removing the car- 
bon dioxide by boUing tiie liquid for a brief inter- 
ra.1, to titrate back with the standard alkali. The 
aumber of c. c. so used expresses the number of 
uins of sulphur in 100 feet of gas. For the alkali 

Kilnnte. Filtcra of SwedUh paper, of cotton baiting, of fine lin 



'doth, nnd of aaaA, were tried 

solutions til rough tlia stop-cock b 
onrrentH, wlilcU plncpd tlie fore 
~ of in accord willi, the slow sut 
i and complete relief. 
Hmnntoiylia was first chosen 



tiple derice i>l pnssing 
n nscending, iiiHtead of deacend- 
of gTftvitj iu oppoaitloa to, in- 
ion of the streams, afforded in. 



indicator, both because It la 
minute qaactlties o( free acid and alkali, and 
icauee the change of color, yellow to port wine, is the most eonsplc- 
lue. But in tliis solution the reaction was verj unsatisfHctorf . The 
llor changed gradually from yellow to reddish brown. Tlie absence 
' metallic saits, at le-aat of the heavy tnetfils, was well demotistrated, 
d there seemed no eiplanation of the plienomenon, eicept that the 
loring matter was oxidized by tlie nitrous acid presoot, and rapidlf 
stroyed. Cochineal was therefore substituted, aud proved very sat- 
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' received in the drip being jnst satniBted hy the 
standard acid, the free acid there will be the q^aan- 
tity caught by the gas. Now, since 1 c, c, of I' 
alkali finally added is saturated by one tenth f. 
of sulphur, one tenth of the c. c, added indici 
the number of grains caught from the 10 feet bamet 
and ten times this the quantity of sulphur in 100 ^ 
feet. 

The acid solution used in the scrubber is also ] 
measured, and the acid remaining free determined I 
by the standard alliali. The difference expresses I 
(as in the case of the sulphur test) the number of i 
grains of sulphur which can be neutralized by the j 
ammonia in 100 feet of gas. Since one grain of sul- 
phur neutralizes 1^ grains of ammonia, if the num- 
ber of c. c. of acid neutralized by the ammonia be 
increased by -^, the sum will express the grains of 
ammonia in 100 feet. This may be accomplished 
mechanically by having the ammonia measuring 
glasses graduated so that 17 divisions shall be equal 
to 16 c. c. The conditions indicated are the most 
convenient for continuous daily determinations, i 
They are not essential to successful working. On 
the contrary, two feet of gas are sufficient to give 
reasonably accurate results, and the apparatus has 
not proved unequal to a rate of one foot i>er hour. 
Moreover, much less acid run through the scrubber 
would be usually sufficient. For further details con- 
cerning the sources of error incident to the process, 
etc., the student is referred to the original paper. 

Upon the estimation of sulphur in illuminating 
gas, see also Briigelmann, Fres, Zeitschrift, 15, 17S, 
and 16, 24. 



An excellent method for estimating sulpliur in 
Oiganic compounds, desoribed by Wt-idel and 
Schmidt, consists in burning the aubstancii in a 
lw.rd glass tube, in a cniTent of oxygen, the oxida- 
tion being completed by passing the gases over 
platinized asbestos. For details, the original paper 
may be consulted. (See Berichte der Bout, Chem. 
Gea. 10, 1131.) 



SULPHUROUS ACID. 

By Iodixe. 

When iodine is added to a solntion of sulphi; 
acid previously made alkaline by ammonium car- 
T)onate or sodium bicarbonate, hydriodic and sul- 
phuric acids are produced. 

H,SO, + I, + H,0 = H,SO. + 2HI 

The same reaction takes place if the solution be 
Tery dilute, containing not more than -05 % sulphur 
dioxide. 

The solution containing sulphurous acid is diluted 
with cold boiled water, and ammonium carbonate 
added until the solution turns red litmus paper blue. 
Starch solntion is then added, and ^^ iodine run 
in until the blue color appears. 

c. c. /„ iodine X ■ 0033 = SO, 
" " " X -0041 =H.SO, 
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BY SATURATION. 

The frcR acid may be estimated by adding litmus 
tnd normal alkali until the color changes, 

c, c, normal alkali x -1.1040 = SO, 
" " " X ■()049 = H,SO. 

In Bolutions containing free sulphnrio acid and 
julphates of the heavy metals, the free acid is esti- 
oated with Kieffer's ammoniacal copper solution 



KBTIMATION OF BFLPHURIC ACID IN SlILPirATES 
ALKALIMETKICALLY. 

By Bariwm CJdoride {Carl Mohr). 

The sulphuric acid ia precipitated from the solu- 
tion slightly aciditied with hydrochloric acid by 
tneans of an excess of a solution of barium chloride, 
pontaining 121 ■ 9579 ms. pure barium chloride (BaCl, 
h- 2H,0) per litre. The solution is lieated to boil- 
r for a few minutes, and the excess of barium pre- 
dpitated with ammonium carbonate in slight excess. 
Wash the mixed precipitate of sulphate and car- 
Kinate until the filtrate ceases to turn red litmus 
slue, dissolve the carbonate in a slight excess of 
Lormal acid, and estimate the excess by normal 
tlkali. From the data so obtained, it is easy to find 
low much of the barium chloride added was neces- 
fery for the precipitation of the sulphates. 
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c. normal baiiam chloride x -0040 = SO, 
" " " X ■{)049=H,SO. 

The method is inapplicable in presence of acids 
which precipitate barium from alkaline solution. If 
much free acid be present, it must be nearly neutral- 
ized with Bodium carbonate. 



By Barium Hydrate * 

To the aqueous solution of the substance, a slight 
excess of barytar-water is added, and then seltzer 
water, which precipitates the excess of barj*ta. The 
liquid is separated by decantation, boiled, and fil- 
tered with the first precipitate. The precipitate 
having been washed, the filtrate is colored with lit- 
mus, and neutralized with a standard solution of 
sulphuric acid. The amount of acid necessary is 
of course exactly equal to that which was originally 
combined with the alkalies. This method is of great 
advantage where sulphates of lime, maguesia, etc., 
are present. 

By Lead Nitrate. 

The sulphuric acid is precipitated in neutral or 
only very slightly acid solution by means of lead ni- 
trate, the precipitated lead sulphate washed by means 
of wafer which has previously been saturated with 
lead sulphate by agitation with some of it. The lead 
sulphate is washed from the filter into a beaker, and 
some ammonium carbonate and ammonia added. 



* Jean. Compt. Rend., lis 



; J. Cliem. Soe. vol. 1 



The solution is heated gently, wlion tlie lead snl- 
phate is completely converted into carbonate. This 
19 then brought upon the same filter, washed tho- 
roughly with hot water, dissolved in a measured 
quantity of normal nitric acid, and the excess of 
acid found by normal sodium carbonate. (See 
Lead.) Mohr obtained in the analysis of potassium 
sulphate by this method, luO-11 and 99, instead of 
IIX) %. 

Direct Method hy Strordiuw. CMoride. 

The method is like the above in principle. Stron- 
tium chloride is added in slight excess, and then 
half tlie volume of alcohol, and the mixture allowed 
w stand 12 hours. Tlie solution is then filtered, 
washed with a standard solution of strontium sul- 
phate, and the strontium sulpliate decomposed by 
ammonium carbonate and hydrate, washed, dis- 
solved in an excess of normal acid, boiled to expel 
CO,, litmus added, and then normal alkali until the 
(;olor changes to blue. 

Mohr obtained 99 and 99 -fl instead of 100 ^ in the 
estimation of pure K,SO, by this method. 

By Precipitation with BaCl, in Excess, and Es- 
timating the Excess with Potassium Chromate* 

The solutions required are : 

Solution of barium cldoride, which is preferably 
made of decinormal strength, or 12 ■ 1957 gms. barium 
chloride (BaCl„2H,0) per litre. 
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Solution potassium bichi-omate, also decinoi 
and containing 7- 3808 gms. of the salt per litre. 

The solution must be neutral or very slightly alka- 
line, and contain no carbonic or other acid, besides 
Bulphuric, capable of precipitating barium from a 
iieuti-al solution. If the solution contains carbo- 
nates, a slight excess of pure hydrochloric acid is 
added, and the solution boiled until all carbon di- 
oxide is driven off, and then ammonia free from car- 
bonate? added to alkaline reaction. The solution is 
heated to boiling, and then barium chloride added 
in excess. Ammonia free from carbonate is added, 
and then potassium bichromate by small portions, 
boiling after each addition, nntil the fluid remaining 
above the precipitate, which subsides rapidly, is of 
a faint yellow color. 

The c. c. barium chloride used — c. c. bichromaj 
= c. c. barium necessary, which x -(XMO = SO, 
■0049 = H,SO,. ■ 
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Precipitation in Acid Solution by SianduTd 
riuvi Chloride ( Wildenstein). 



Wildenstein first proposed this method of esti- 
mating sulphuric acid in acid solution, which is 
almost \iniversaUy applicable, since, with the excep- 
tion of barium sulphate, all barium salts are soluble 
in dilute hydrochloric acid. The end of the reaction, 
according to Wildenstein, is the point when furt 
addition of barium chloride ceases to produce 
cipitate. Barium sulphate is deposited rapidly t 
a hot solution containing excess of sulphuric a 
leaving a clear solution, but as the excess of I 




DLPnURIC ACID. 



>ar and ^M 
wait a ^1 



growB smaller, it settles more slowly until, near 
beyond the neutral point, we mast either 
long time for the precipitatti to settle, or by some 
means filter a small portion of the fluid, and test the 
filtrate to see whether enough barium chloride has 
been added. For the filtration, Wildenstein em- 
ploys the following special apparatus, shown in 
Fig. 41. A is abottle of white glass whose bottom 
has been removed, and which will contain about 
9(H) c. c. An ordinary quart bottle answers the pur- 
pose. The bent funnel-tube B is covered in the fol- 
lowing way : A pieeo of muslin is first 
laid over the aperture, then two pieces 
of fine Swedish filter-paper, and finally 
another piece of muslin. The whole 
is then fastened tightly over the mouth 
of the tube by means of waxed thread, 
and the projecting edges neatly trim- 
med. In binding over the aperture, 
care must be taken not to break the 
filter-paper. Fill the vessel with hot 
water above the funnel-tube, and by no «■ 
opening the pinch-cock, the funnel-tube is com- 
pletely filled. Add the solution of the sulpliate, 
which is to be estimated, and acidify with a few 
drops of hydrochloric acid, and then add the barium 
chloride from the burette gradually, aftiT each addi- 
tion opening the pinch-cock and allowing a volume 
of fluid corresponding to the contents of the tube to 
flow into a small beaker ; tltis is then returned to 
the beaker, another portion run out into the same 
beaker without rinsing it, and this tested by a drop 
of barium chloride from the burette. If a precipi- 





I 



tate fonna, th<' contents of the Iwaker are retarnet 

the bottle, a little more barium chloride added, t 

contents of the tube einptietl and returned to tile 
beaker, and then a second portion run into the 
beaker and tested, and so on until the solution fails 
to give a perceptible precipitate with a drop of 
barium chloride after the lapse of two minutes. It 
is necessary to empty the contents of the tube each 
time before testing, since the barium chloride which 
is added to the solution in the bottle does not enter 
the funnel-tube until the pinch-cock is opened. Care 
must be taken not to injure the filter in stirring the 
fluid. If the point is overstepped, one or two c. c. 
of a solution of sulphuric acid, corresponding in 
strength to the barium solution, may be added, and 
the titration then completed witlt barium solution. 
In the precipitation of sulphuric acid by barium 
chlorido, a point occurs, as in the silver assay, where 
both barium chloride and sulphuric acid produce a 
precipitate. This point marks the time when barium 
chloride and sulphuric acid are present in solution 
in precisely equivalent quantities ; and if this point 
be taken as tlie end of an analysis, we need only 
weigh out 12-1957 gms. pure BaCI, + SH^O toa litre 
of water, and use this fluid without any further test- 
ing. If, however, we proceed as Wildenstein recom- 
mends, rather more than an equivalent of barium 
chloride ia required for each equivalent of sulphuric 
acid, and we must measure the "working strength" 
of the solution by titrating against a weighed amount 
of some sulphate, and for this purpose, copper sul- 
phate, CuSO, 4- 5H,0, answers very well, and is e 
to procure perfectly pure. 



ell, and is eaa^ 



SULPHURIC ACID. 241 

BriJgelmann* describes a modifiration of Wildi-n- 
stein's apparatus, whicli lias thi; advantagi- tliat jire- 
«ipitation cau be condutitod in oidiiiaiy brakiTs. 
Tile liquid to be titi-ated is coutainod iu a beaker, 
and is heated over a gas flame to the temperature 
anoat favorable to the rapid precipitation of barium 
BulpUate, The apparatus for removing filtered sam- 
ples of liquid from the beaker consists of a small 
:funnel containing filter-paper and cotton-wool, and 
Hiauging in the liquid ; this is joined to a longer tube 
outside, so as to form a syphon by means of a piece 
of India-rubber tubing, which forms the bend of the 
syphon. This syphon-filter is filled with hot water, 
3ts longer limb closed by a piece of India-rubber 
Cubing and pinch-clamp, and the funnel suspended 
3n the liquid in tbe beaker. Tlie arrangement 
3)roved very useful, and yielded very accurate re- 
EUltS in determinations of sulphui* in animal and 
"vegetable substances, and in coal-gas. 

Instead of Wildenstein' s apparatus or that of 
IBriigelinann, the filtering pipette may be used. In- 
stead of finding the point where barium chloride 
ceases to produce a precipitate, it is better to 
find the point where both barium chloride and 
sulphuiic acid produce precipitates in portions of 
the clear solntion. After a little practice, it is easy 
to hit this point, and the barium solution can then 
be made by simply weighing out 12-1957 gras. pure 
barium chloride and dissolving in a litre, the 
strength of a corresponding solution of sulphiiric 
acid being found by titration against the barium 
chloride. The solutions may then be also used for 

• Zelt. Aiial. Cliem. xvl, 1» ; J. Chom. Soc. vol. 1, 1877, p. 737. 
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estimating barium, for which they would not "be so 
well adapted if Wildeastein's method were taken. 

The solution containing sulphuric acid ia dis- 
solved in water in a beaker, and a few drops of 
hydroeliioric acid added. Two burettes are then 
taken, one containing decinormal barium chloride, 
and the other sulphuric acid of equal strength. 
Barium chloride is run into the solution until it 
ceases to give a precipitate, and then sulphuric 
acid, then barium chloride again if necessary, add- 
ing the solutions alternately until a portion of the 
liquid, filtered into two small test-tubes, gives the 
same volume of precipitate, the one having a drop 
of the sulphuric acid, the other of barium chlo- 
ride, added to it. c. c. BaCl, — c. c. H,SO, = 
BaCl, necessary. The following examples show the 
accuracy of which the method is capable : 

Copper Sulphate (CuSO. -i- 5H,0) Theoretical ^ i 

= 32-08. 
No. 1 - 31.90 ~] 
" 2 - 31-88 I 
" 3 — 31-80 I 
" 4 -32-05 J 
Magnesium Sulphate (MgSO, + 7H,0) Theoretics 
SO, = 32-62. 

Neutral solution|^p-l-32-64] 



- Average, 31-92 -S 



Acid solution 



( No. 3-32-35 



-rV barium cliloride x -0040 = SO, 

X -0049 = H,80, I 



CARBON BtSULTHIDE. 

By OoppEi: Sulphate.^' 

The method is based upon the reaction between 
Ropper salts and xanthates, previously employed by 
Vogel for the detection of carbon bisnlpliide in <!oal- 
gas. A saturated solution of potassium hydrate in 
alcohol is prepared, and into thia solution the car- 
bon bisulphide is dropped and heated to boiling, 
when it is completely converted into potassium 
xanthat^. The excess of caustic alkali is converted 
into carbonate by adding sodium bicarbonate. To 
this solution a decinormal solution of copper sul- 
phate is added, until a precipitate is no longer pro- 
duced. The copper xanthate settles well after 
agitation, so that the end of the reaction is easily 



I 



The copper solution is made by dissolving 3-168 
pns. of copper, in the form of sulphate, in water, 
adding Rochelle salt and sodium carbonate until 
the precipitate at tirst thrown down redissolves, and 
diluting the solution to a litre. 

c. c. y\ copper sulphate x -0076 = CS, 



SODIUM THIOSULPHATE AND THIOSUL- 
PHATES. 

Tuia is determined in neutral solution or in a solu- 
tion made slightly alkaline by means of ammonium 

' Orate, Bericlite der Deut. Chem. Oes, ii. S21. 



carbonate or sodium bicarbonate. Starch is added, 
and then fg iodine, until the bine color appears. 

K the solution also contains sulphides, these are 
precipitated by solution of zinc sulphate, the pre- 
cipitate washed, and the thiosulphate determine? 
in the filtrate, as above. 



CARBON COMPOUNDS. 

CARBONIC ACm. 

Carbonic acid in solution in water may "be m^ 
Tired by adding an excess of standard barj 
watfjr, and estimating the excess by fs oxalic aclj 
The whole of the carbonic acid is precipitated a^ 
carbonate immediately upon addition of the baryta- 
water, and tile excess is found by adding -pj oxalic 
or hydrochloric acid, until a glass rod dipped in 
the fluid no longer produces a brown reJ. spot upon 
turmeric paper. The end of the reaction is very 
sharply shown (see page 41). When carbon diox- 
ide is contained in a gaseous mixture, it may be es- 
timated by pasding tlirougb a measured volume of 
standard baryta-water, and, without filtering, esti- 
mating the excess of baryta. In alkaline carbonates 
containing hicarbonate, the excess of carbonic acid 
over that necessary to form neutral carbonate may 
be found by adding barium chloride in excess to the 
somewhat dilute solution, then standard baryta- 
water in excess, and estimating the excess 1 ^~ 
oxalic acid, as above. In this case, all i 



ard baryt a- I 
xcess by ^^H 
all the c^^l 



ionic acid contained as neutral carbonate is prccip- 
ated by the barium chloride first added, but the 
emainder stays in solution, and is esthiiated by ad- 
Ijtion of the baryta-water. 

c. c. 7";, acid X -(1022 1= CO, 



IN SOLUliLE CARBONATES. 

Carbonic acid in alkaline carbonates and bicar- 
•onates may be estimated by adding to the hot so- 
tntion barium or calcium chloride in excess. When 
!bicarbonat(5s are to be estimated, ammonia, free 
rom carbonic acid, must hrst be added. The solu- 
lon is boiled for a minute or two, filtered, and the 
irecipitate rapidly washed with hot water. The 
precipitate, together with the lilter, is placed in the 
lask in which the precipitation was made, and an 
xcess of normal acid added, and boiled until the 
karinm or calcium carbonate haa dissolved, and the 
■carbonic acid been driven off. Litmus is then 
added, and lastly, normal alkali from a burette, 
mtil the color of the litmus changes. 

c. c, normal acid x ■("l32<.) = CO, 

ITie barium carbonate may also be dissolved in 
hydrochloric acid, evaporated to hard dryness, and 
the amount of chlorine in the barium chloride found 
by ^ silver nitrate. (See Barium.) 

c. c. -Yti silver solution x -01)22 = CO, 

Either barium or calcium chloride may be used 
for precipitating carbonic acid from its solutions. 



i 



Calcinm chloride is preferable where it can be used 
as calcium carbonate, is more granular and easier 
to waah than barium carbonate. In presence of 
caustic alkalies, however, barium chloride must be 
used, as calcium hydrate is very insoluble. 

IN INSOLUBLE CARBONATES. 

Carbonates insoluble in water must be decom- 
posed with acid, and the carbonic acid received in 
strong ammonia, which absorbs it completely, and 
ia afterwaitl precipitated by calcium chloride and 
estimated aa in soluble carbonates. 

The ammonia used must be pure and free from 
carbonic acid. If any be present, a little calcium 
chloride is added, and the solution, after standing 
for some time in a closely stoppered bottle until the 
precipitate settles, Is decanted and kept in the bot- 
tle. Fig. 24. 

The decomposition is effected in the apparatus, 
Fig. 36. A contains the carbonate and water ; b, 
hydrochloric acid ; B, ammonia free from carbonic 
acid ; and c, pieces of broken glass through which 
the ammonia has been poured into the Hask. 

To effect the transfer of the carbonic acid from 
the carbonate to the ammonia, the flask contauung 
the latter is heated, causing some of it to volatilize, 
and filling the flask with the fumes. Acid is then 
run upon the carbonate from the pipette by opening 
the pinch-cock, and, after the decomposition of the 
latter is complete, the liquid is boiled, and a slow 
current of air free from CO, drawn through the ap- 
paratus to carry over the last traces of the gas. 



The apparatus is disconnected, c is rinsed into B, 
oalciam chloride is added, and tlie solution boiled 
!or some time. The calcium carbonate is then fil- 
tered and washed with hot water, dissolved in the 
jlask with normal acid in excess, and the excess 
found by normal alkali. 



OXALIC ACID AND OXALATES. 

Free oxalic acid may be measured by direct 
titration either with normal alkali or by Petten- 
kofer's method. 

c. c. normal alkali x -063 = C,H,0. + 2H,0 

" " X -086 = CO, 

Oxalic acid may likewise be determined by add- 
ing an excess of calcium acetate to the solution, 
which must be neutral or made slightly acid with 
acetic acid, and free from alumina sesquioxide of 
chromium, copper, and ferric salts. The precipita- 
tion is made in a hot solution. The precipitate of 
calcium oxalate is washed with hot water, heated to 
redness in a crucible, whereby it is converted into 

mixture of calcium carbonate and oxide, and is 
then dissolved in an excess of normal acid, litmus 
added, and the excess found by normal alkali. 

c. c. normal acid X -063 = C,H,0. + 2H,0 
■' X -036 = CA 



ESTIMATION BY PERMANGANATE. 

Potassium permanganate, added to an acid e 
tioii of oxalic acid, converts it into carbon dlox 
and water, 

2KMnO. + 5C,H,0, + 3H,S0. = K,SO. + 2MnSd 
+ lUCO, + 8H,0 

This method of estimating oxalic acid was ( 
plained in connection with the determination of i 
strength of solutions of potassium permangani 
(see page 48). 

The oxalic acid or oxalate is dissolved in dilute 
sulphuric acid, heated to 30° or 40°, and the per- 
manganate run in from a burette. The solution be- 
comes' dark brown at lirst, then gradually tm-ns to 
yellow, and hnally clear white again. The perman- 
ganate must be added slowly, and tlie solution 
shaken constantly. The solution should be allowed 
time to become colorless after each addition of per- 
manganate, before more is run in. As soon as a 
drop of permanganate colors the liquid permanently, 
the reaction is completed. In absence of other sub- 
stances which act upon pernianganate, the resulte 
are excellent. 



c. c. ^ permanganate x -0063 = C,H,0. ■ 
" " " X -0036=0,0, 



ACETIC ACID. 

AoKTic acid may be iletermineil by taking tlie 
specific gravity and comparing it witli the following 
able. 

The acid is anomalous in regard to its specific 
iravity after dilution, as will be seen at a glance, 

nee this rises until the acid contains 80 %, and then 
For this reason, the method cannot be 
iBed for solutions containing over 40 % of the acid, 
Suppose, for example, we found a sample of acetic 
tcid to possess a sp. gr. of 1-070. By comparing 
frith the table, we find that acid of 10707 sp. gr. 
tontains 64 % and acid of 1-0705 sp. gr. 91 %, and 
ire would bo unable to tell which percentage our 
Bample contained. 



Speeijie ffraeUy o/eolulionii of Acetic Aeid. Temp. 15". 



^.a. t 




^f.l^!. ^ 


BYlly. 


C,H^O, 8 


WCUIE 


1 


0000 


15 1 


0314 


30 1 


0413 


1 1 


0007 


16 1 




31 1 


0434 


a 1 


0022 


17 1 


0242 


89 1 


0430 


8 1 


0037 


IB 1 


035G 


33 1 


0447 


4 1 


0053 


19 1 


0370 


34 1 


0459 


5 1 


0007 


30 1 


0384 


35 1 


0470 


R 1 


0083 


31 1 


0308 


36 1 


0481 


•! 1 


O0D8 


23 1 


0311 


87 1 


0493 


8 1 


Oils 


23 1 


0324 




0502 


» 1 


0127 


24 1 


0337 


8a 1 


0518 


10 1 


0142 


25 1 


0350 


40 1 


0533 


11 1 


0157 


36 1 


03G3 


41 1 


0533 


13 1 


0171 


27 1 


0875 


42 1 


0543 


18 1 


0185 




0388 


43 1 


0553 


14 1 


0201 


Sfl 1 


0400 


44 1 


0503 



TABLE-iGonlinucd). 



C,H.O, S 


KCific 


C,H.O, 


SpeoiBc 


C,B.O, 


SP«U,H 


IN.rrtu.. O 


n.lty. 


p«rc«<„. 


Qtiwlly. 




Onvitji^^H 


45 I 


0571 


04 


1-0707 


83 


I -074^1 


46 1 


W580 


65 


1-0713 


84 


i-mS^M 


47 1 


0589 


60 


1-0717 


85 


1-0789 


48 1 


0598 


67 


1-0721 


86 


1-0730 


49 1 


0607 


68 


1-0733 


87 


1-0731 


fiO 1 


0615 


(.0 


1-0739 


88 


1-0736 


61 1 


0023 


70 


1-0733 


89 


l-073af^H 


B3 1 


0031 


71 


1-0737 


DO 


tfm«^M 


63 1 






1-0740 


91 


1-on^H 


S4 1 


0846 


73 


1-0743 


03 


i-oe^H 


55 1 


0B53 


74 


1-0744 


08 


1068^H 


56 1 


0800 


TG 


1-0746 


04 


lom 


87 1 


OBOO 


76 


1-0747 


B5 


io«eo 


58 1 


067a 


77 


1-0748 


se 


1-0M4 


5H 1 


0679 


78 


1-0748 


97 


i-oosa 


60 1 


0685 


TO 


1-0748 


98 


1-0604 


61 1 


0U91 


80 


1-0748 


QD 


10380 


ea 1 


0097 


81 


1-0747 


100 


1-0S53 


63 1 


0703 


82 


1-0740 







BT NORMAL ALKALI. ^ 

Neutral acetates turn red litmus blue, and in esti- 
mating acetic acid with uonnal alkali, wo must 
lience add the latter until the litmus becomes blu^ 
and not as with other acids until the violet shai 
produced The acid may also be determined 1 
Pett«nkofer's or Kieffer's method. 



Bd «■ 

ioD (^^ 



c. c. normal alkali x -060 = C.H.O, 

One of the best methods for the estiraatioD 
acetic acid (C. Mohr's) is to add a weighed amount 
in excess of precipitated pure calcium carbonate, 
and allow tlie acid to become nearly saturated in 
the cold, then boil to drive off carbonic acid, wash 



■''the remainder of the calcium carbonate with hot 
f water, and estimate its amount by dissolving in ex- 
Icesa of nomial acid and titrating back with nor- 
I jnal alkali. This process is applicable to colored 
■ liquids, such as impure vinegar, pyroligneous acid, 
I et«., and yields good results. 

CaCO, X 1-2 = C,H.O, 

Tile acetic acid in acetates may be estimated by 
E adding phosphoric acid to the salt, and distilling it 
■in the apparatus, Fig. 43.* 




The bottle B contains the acetate, which is j 
lis an inclined position, to prevent any o 

ler. CliemiBt, vol. vi. 295. 




VOLUMETRIC 



I tnbe '^^^l 
the disttUJ^I 
I, whjdi 
mtinnes 
Yolat ila 



phosphoric acid from reaching the 

spattering, and thence passing into the 

While the distillation is progreesinj^, steam, whidi 
is generated in j1, passes through B, and continues 
thus to wash ont the last traces of the free volatUo 
acids. The f unnel-tnbe / is merely a eafety-val' 

The steam, laden with tlie acid vapors, 
throngh cl into the two flasks C and C, conned 
tubes, as shown in the figni-e. These flaslts are 
charged with 25 c. e. of normal soda solution for 
every 2 to 2^ gms. of the acetate to be determined. 

The distillation is generally finished in about one 
fourth of an hour, when from 20 to 30 c, c. of water 
have condensed into the flasks C and C. After tlie 
distillation has fairly commenced, it is only neces- 
sary to apply the flame occasionally to B for the pur- 
pose of preventing the accumulation of condei 
water. 

Instead of using phosphoric acid, sulphuric 
may be used with perfect safety after it has 
diluted with three volumes of water. That under 
these circumstances no sulphurous acid is formed, 
was proved by a distillation in which C and C con- 
tained chloride of barium, which neither at once, 
nor after the addition of chlorine water, showed the 
least traces of a precipitate. 

If the distillation be considered finished, the 
ber connection a is opened, and the apparatus.; 
allowed to cool, wliile air is made to slowly 
through it by sucking at r. 

If too much water has not been allowed to 
mulate at B, the tube d will become perfectly 
during this operation. 



pur- 

1 




After carefully removing the fluid from tlis flasks 

P and C, and washing them as well as the connect- 

; tubes repeatedly with fresh water — the wash 

"aters to bo added to tlie fluid — ^its dL>gree of satu- 

Ion is determined by normal sulphuric acid solu- 

1 in the presence of litmus. If, daring this pro- 

3, the fluid has become violet, and the exact 

Quantity of excessively added acid has not been no- 

id, it becomes neceesaiy to add normal soda so- 

ution, drop by drop, until the blue color is re- 

[ptored. This is necessary on account of the alka- 

3 reaction of the neutral acetates. According to 

* violet of methylanaline may be used for es- 

atiug acetic acid in presence of IVee mineral acid ; 

i mineral acids color this substance bluish green, 

e, acetic acid has no effect. 

letatea may be estimated by adding normal 

icid until the violet changes to bluish green. Ac- 

lording to Endemann,t this method, "though theo- 

»tically an impossibility, was tried, but found to 

3 perfectly valueless.":^: 



FOEMIC ACrD.§ 

Place in a flask 5 gms. sodium acetate, 25 c. c. of a 
10 % solution of the substance whose content in formic 

•Bulletin de la Sociuti; do Rouen, Optobor, 1874; Anier. Cliem. 
July, 1875. 
f American Chemist, vol. vi. 206. 
X See also Hilger, Frus. Zeit. 16, 117. 
g PorteB arvd RuyBBeo, Freseniua, ZeitBchrift. 10, 3.i0. 



VOLUMETRIC ANALYSIS. 

f acid is to be ascertained, and 300 c. c. of a. 4-E 
Bohition of mercuric chloride. Heat upon tli -^'' 
water-bath until the decomposition of the formi -^^ 
acid ia complete (1 to 1^ hours), and the mercurou -^^ 
chloride formed has settled completely, leaving th*' -* 
snpematant liquid perfectly clear. The whole sohi -*^- 
tion ia now diluted to 500 c. c, filtered, a burett*-^ 
filled with a portion of the fluid, and the mercur^ yi" 
remaining in solution determined by finding th^^--* 
number of c. c. required to produce the red pre- ^3 
cipitate with 1 gm. potassium iodide. (See page's 
160.) The strength of the mercnry solution bein^^ 
determined in the same way beforehand, a simpler - 
calculation shows the amount of foi-mic acid. 



TARTARIC ACID. 



Specific grarity of tolutiora of oryttaSiied Tartarii- AHd in lealer. 
Temp. 15°. WiUer o* 15° = 1* 



s. 


Specific 
OravitT. 


cS I 




Per 


S?^. 


1 


1.0045 


10 1 


WUfl3 


19 


1.0817 


2 




0000 


11 1 


0517 


20 




3 




0136 


13 1 


0563 


81 


11030 






0170 


13 1 


OOIS 


23 


11073 , 






0324 


14 1 












03T8 


15 1 


0700 


S4 


1 1175 J 






D3SS 


18 1 


07(11 


25 


1-1327 J 






0871 












1-0430 


le 1 


0H(I5 


S7 


mbmJ 



* Gerlacl), Specifisclie Oewichte der SalilSsiuigen. 



TABLE— (CoHfinited)- 



s. 


Ow»lty. 


Per aprelfle 
cent. Gravltj. 


Per apedao 


28 


M393 


88 1 


1SS9 


48 I 


3508 


29 


1.1449 




3010 


40 1 


3833 


80 


1-15047 


40 1 


30785 


50 1 




31 


1.1500 


41 1 


8138 


51 1 


3703 


82 


1.1615 


43 I 


211)8 


53 1 




33 


1.1670 


43 1 


3359 




2894 


34 


11730 


44 1 


S317 


64 1 


3(H!1 


3S 


1-1781 


49 1 


8877 


56 1 


3037 


3ft 


1-1840 


48 1 


3441 


5G 1 


3003 


87 


1.1900 


47 1 


3S04 


57 1 


3159 



Fkee tartaric acid is estimated by noi-mal alkali, 

r it may be determined by Pettenkof er' s method. 

c. c, normal alkali x -075 = C.H,0, 

Acid Potassium Tartrate {Cream of Tartar). 

Acid potassium tartrate may be estimated by dis- 
lolving it in liot water, adding litmus and normal 
r alkali until the violet color appears. 

c. c. normal alkali X ■ 188137 = C,H.KO. 
" " " X -1500 =C.H.O. 

Tartaric acid may be separated from aolntiona 
containing it by making the solution somewhat acid 
by adding acetic acid, then potassium acetate, and, 
lastly, twice the volume of the solution of alcohol of 
LS5 %. Agitate the solution vigorously, and let it 
tand an hour. Wash the precipitate with a mix- 
3 of two volumes of alcohol and one volume of 
"ater, dissolve it in boiling water, and titrate with 
lormal alkali ; or add neutral acetate of lead in ex- 



I 

1 
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cess. The tartaric acid is thrown down as lead tar- 
trate, this is washed with a mixture of equal vol- 
umes alcohol and water, suspended in water, and. 
H,S passed through the solution until all lead : 
precipitated as siilphide. The solution is boiled I 
expel the excess of sulphydric acid, filtered, ant 
the tartaric acid in the filtrate determined by uof^ 
mal alkali.* 









CITRIC ACID. 




1 


TABLE. 




1 




Temp. 16^ Water at 15° ^ 


= I.t 


m 


Par 


Speotllc 


Per 


SpccUc 


Far S| 


^m 




GnvlW. 


tent 




CODt. O 


'- V 


1 


!■ 00370 


23 


1.00300 


45 1 


19470 


3 




00740 




1- 00730 


46 1 


1B980 






OHIO 


25 


M0140 


47 1 


205U0 






014B0 


36 


I-IOUOO 


48 1 


31030 






01860 


37 


lllOHO 


49 1 


21530 






022T0 


28 


1.11530 


50 1 


32041 






03H80 


39 


1.11980 


51 1 


23570 






03090 


30 


1- 12489 


53 1 


23070 






03500 


31 


1-12880 


53 1 


33590 






03910 


33 


1- 13330 


54 1 


24100 






04310 


33 


1 13780 


55 1 


34620 






04700 


34 


1.14320 


56 1 


25140 






05090 


35 


1-14070 


57 1 


36730 






05490 


36 


1-1.51G0 


58 1 


36370 






06880 


37 


1 15040 


59 1 


26830 






omo 


38 


. 1.1H130 


60 1 


37382 






00750 


39 


iianio 


61 1 


27940 






07180 


40 


1 -17093 




2 490 






07630 


41 


1-17500 


Q3 1 


2S010 ^ 


20 




08053 


43 


1.18140 


64 1 


g^aoo J 


ai 




08480 


43 


1.18510 


65 1 


SoisO'S 


23 


1-088BO 


44 


M8US0 


66 1 


80710 ^H 



BleJBcher, Archiv der Pliarmacie, Auft. 1874 r Fres. Zelt. 13, 328. 
■frlkch, BpedfiBcUe Gewlclite der SalzlAHungen. 
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IFkee citric acid is estimated by litmns and normal 
aJJkali, or by Pettenkof er's method. 

c. normal alkali x 070 = CeH,0„H,0 

CitJTic acid may be separated from solutions contain- 
in^ it by adding neutral lead acetate. The lead citrate 
is A?vashed with a mixture of equal volumes alcohol 
^ix<3. water, suspended in water, and H,S passed 
tlxx*ough the solution. After all lead is precipitated, 
tlio solution is boiled to drive off excess of sulphy- 
drf-c acid, filtered, and the citric acid in the filtrate 
^^termined bv normal alkali.* All other acids 
'^Ixich are precipitated under similar conditions must 
fii'st be removed. 



SUGAK. 



The class of bodies called bv this name may be 
^^vided into two groups : 

1. Those containing C^H.fi^ (glucoses). 
Glucose, dextrose or dextroglucose. 
Fruit-sugar, Isevulose or Isevoglucose. 
Galactose. 

2. Those containing CjaHg^Ou 
Saccharose or cane-sugar. 
Lactose or milk-sugar. 
Melezitose. 

Melitose. 

Mycose. 

Synanthrose. 

* FleiBcher, Arcbiv der Pharmacie, Aug. 1874 ; Fres. Zeit. 13, 328. 
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The meinbera of tlie second group may be con- 
verted iuto those of the first by boiling with dilate 
acid for twenty minutes. Two members of the tirst 
group are produced by the decomposition of one of 
tho second, water being taken np. For example : 

0„H„0„ + H,0 = c.n„o. + C,H„0. 



Estimation of Sugar l)y FehUng^s Method. 

The sugar must be a member of the first group. 
If cane-sugar, milk-sugar, etc., are to be estimated, 
they must first be boiled with -dilute sulphuric or 
hydrochloiic acid for twenty or thirty minutes, and 
the acid neutralized before proceeding with the 
analysis. 

The method depends upon the fact that alkaline 
solutions of copper salts are reduced by the glu- 
coses, cuprous oxide being thrown down in propor- 
tion to the amount of sugar present. 

One equivalent of pure grape-sugar reduces five 
equivalents of cnpric oxide to cuprous oxide. 

Copper solution: Made by dis-iolving 34-6333 
gms. pure copper sulphate in water, and adding to 
a solution of 173 gms. of Rochelle salt in 480 c. c. of 
Bodium hydrate, sp. gr. 1-14, and diluting to a litre. 
One c. e. of such a solutiun is equal to -(1(15 gms. 
pure grape-sugar. It must be kept in a dark place, 
and must not be allowed to absorb carbonic acid. 
The analysis is made by running the sugar solution 
from a burette into a measui-ed portion of the cop- 
■"Der solution until all the copper is precipitated, i 

1 blue color of the solution has disappeared. 



If the engar solution he dark-colored, it may Ije 
''^ndi.'red colorless l>y adding a little lime-water and 
Some bone-black, boiling and filtering. The solution 
*^1 the sugar is in all cases made up to a definite vol- 
*i"ine, and a portion poured into the burette lor 
^lic analysis. It must not contain more than 1 % 
^vagar, and is better if more dilute. Ten c. c. of the 
*^<3pper solution are measured into a beaker or por- 
•^elain dish, diluted four or five times, and heated to 
"^oiling. The sugar solution is then run in until the 
'^opper solution has lost all color, and the copper is 
^11 precipitated as red cuprous oxide. This point is 
^omewliat difficult to liit with exactness at the first 
trial ; and when the end is apparently reached, it ia 

1^ good plan to filter a small portion of the liquid 
liy means of the filtering 'pipetto, acidify it with a 
I few drops of acetic acid, and add a drop of potaa- 
I slum ferrocyanide. If any copper remains in solu- 
tion, this gives a reddish brown coloration to the 
fluid. 

Calculation : Suppose 2 gma. sugar were taken, 
dissolved in water, and diluted to 500 c, c. ; 10 c. c. 

I copper solution requii-e 13-5 c. c. of the sugar solu- 
tion ; 13-5 c. c. therefore contain 10 x -005= -06 i 
gme. sugar, and 500 c. c, contain f^.^ x -05 = 1-8518 I 
gms. pure sugar, or 92-59 JS. 
Another method is to add the copper solution, 
prepared as above, in excess to the sugar solution, 
heat to boiling, and filter through asbestos. The 
cuprous oxide is washed with hot water, placed in 
I a flask containing ferric sulphate, which dissolves 
it, becoming reduced to ferrous sulphate, and the 
amount of ferrous salt produced is measured by 
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permanganate. "Wliile the cuprous oxide ia di- 
gested with the terric sulphate, a stream of hydro- 
gen or carbon dioxide ahonld be run through the 
flask. 

c. c. YB permanganate X -0036 = C,H„0, 

Another and perhaps the best method is one pro- 
])osed by Pahlberg. An excess of Fehling's solu- 
tion is added, and the copper in excess found " 
precipitating with the battery. 



Bp Mercuric 



[ffl^' 



Mercuric cyanide in alkaline solution is redm 
by grape-sugar to metallic merciiry in the propor- 
tion of one part gi'ai>e-8ugar to 4 parts mercaric 
cyanide. 

Mercuric cyanide solution ; Made by dissolving 10 
gras. mercuric cyanide in 600 c. c. water, adding 
100 c. c. sodiniu hydrate, sp. gr, 1 - 145, and diluting 
to a litre. 

Forty c. c. of the cyanide solution are poured into a 
beaker and brouglit to a boil, and then the sugar 
solution added from a bui-ette until a drop of the 
supernatant fluid no longer produces a brown spot 
when placed upon filter-paper and held over a 
watch-glass containing strong ammoninm sulphide. 
The 40 c. c. mercuric cyanide solution are equal to 
■lOOOgms. C.H^O,- 

* Kuapp, Fres. Zeic. 10, 39o ; Liobig's Aunalen. 154, 353. 



OL (carbolic acid). 




INOL (CARBOLIC ACID).* 

When bromine is added to plienol in excess, tri- 
■"OiiDinphenol is formed according to tlie followuig 
l^^uatjon : 

C,H.,OH + 6Br = C,n,Br.,OH + SHBr 

tribrom phenol is nearly aljsohitely insoluble. 
An excess of bromine water (whose sti'ength has been 
fltttennined by adding an excess of potassium iodide 
to a measured portion, and determining the liberated 
iodine with sodium thiosulphate) is added, and, after 
ifiie sepamtion of the tribromphenol, an excess of 
potassium iodide, and the iodine set free, which cor- 
responds with the excess of bromine, titrated with 
lodium thiosulpliate. The calculation is 480 bro- 
: 94 phenol. 
Instead of nsing bromine water for the titration, 
Eoppeschaar uses a mixture of sodium or potassium 
■omide and bromate in the proportion of 5 mole- 
iles bromide and 1 bromate. Such a solution 
idded to hydrochloric acid is decomposed into 
dium or potassium chloride and free bromine. 

5KBr + KBrO, + 6HC1 = 6 Br + .SH,0 + GKCl 

Such a mixture ia easiest obtained by adding bro- 
oine in excess to a solution of sodium or potassium 
lydrate, and evaporating the solution to dryness. 
Oieoretically, for -1 gm. phenol, -7606 gm. of the 

* Koppescliftar, Freseni 



i 




36S 

mixtnre of potassium bromate and bromide, or -l&ht 
gm. of the mixtuj'e of sodium salts, is requb'ed. 

Tlie solutions used by Koppeschaar are ompirioi 
but may just as well be decinormal. 

1. Decinonnal sodium thiosulphate. 

2. A solution of the mixture of sodium bromtt 
and bromate of such strength that fiO c, c, when 
heated with an excess of potassium iodide and hy- 
drochloric acid, require just 50 c. c. sodium thiosul- 
pliate. 

3. A solution of potassium iodide containing ] 
gras. salt per litre. _ 

Four gms. of the oil are dissolved in water by 
shaking, and made up to 1 litre ; -25 c. c. of this solu- 
tion are placed in a stoppered flask, and 75 c. c. of 
the sodium bromide bromate solution, and 5 f, c. 
concentrated hydrocldoric acid added, and the flask 
closed and shaken. After 15 minutes, the flask is 
opened, and 10 e. c. of the potassium iodide solution 
added, the flask closed, and again shaken, finally 
the contents poured into beaker, the flask washed 
out, and the iodine determined by the /„ thiosul- 
phate. 

c. c. bromide bromate — c. c. tliiosulphiite x -OOIGOT J 
= phenol. 



1 

>ni)a^H 
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hy- 
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COMPOUND ETHERS 

May be detenuined by heating them with an exl 
cess of normal alkali in a stoppered bottle. Tla] 
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are decomposed by this means into an acid which 
combines with a part of the alkali and an alcohol. 
The excess of alkali is measured by normal acid, 
and the amount of ether calculated from the alkali 
which was saturated. The ether to be so measured 
must of course contain no j&ree acid dissolved in it. 



CHLORAL HYDRATE 

Mat be estimated like a compound ether, being 
decomposed by normal alkali into chloroform and 
iormic acid.* 

CC1.CH0 + H,0 + NaOH = CHCl, + HCOONa 

+ H,0 

An excess of normal NaOH is added, and the 
excess found by normal acid. Not less than 4 gms. 
chloral hydrate must be used. If it contains free 
HCl, the solution must be first shaken with pure 
CaCOj. The following equation gives the chloral 
hydrate in any case : 

_ (a — b) 165-5 a = normal NaOH taken. 

^ "~ 1000 ^^^' b = '' HCl 

The amount of chloral may also be found by add- 
ing solution of sodium or potassium hydrate to 25 
gms. of the chloral hydrate, contained in a gradu- 

« Fres. Zeit. 12, 319. 
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ated tube. After the lapse of a few hours, the de- 
composition is complete, the chloroform has settled- 
to the bottom, and the volume is read off, and from- 
this the amount of chloral hydrate calculated. (K. 
MuUer.)* 



CHLORINE COMPOUNDS. 

CHLORINE. 

Free chlorine may be estimated by passing the 
gas into a solution of potassium iodide, and de- 
termining the iodine set free by sodium thiosulphate 
and starch. 

c. c. y\ thiosulphate X • 0035457 = CI 



HYDROCHLORIC ACID. 

When the acid is pure, its strength may be found 
by taking the specific gravity. Comparison with 
the following table shows the percentage of HCl. 

* Chem. News, xxiii. 113. 
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tfifie grivUn of HoMioni- of Hj/drmldoric Acid. Temp 


15' (Ure). 


Ss;!?;. 


^■K" 


ir;^X. 


Pcrcant 


^ciflc 


P... 


1-2000 


40-777 


1-1338 


26-013 


1-0637 


13-049 


1-1Q83 


40-369 


1-1308 


26-50,') 


1-0617 


13-U41 


iim 


30-961 


1-1287 


30008 


1-0597 


13-333 


11B46 


39-554 


11267 


25-690 


I-M77 


11-825 


1-1828 


80-146 


1-1347 


35-282 


1-0557 


11-418 


1-1910 


38-788 


1-1838 


24-874 


1-0537 


11-010 


1-1893 


38-330 


1-1SO0 


24-466 


1.0617 


10-603 


-1875 


37-033 


1-1185 


34-058 


l-04il7 


10-194 


■1857 


37-516 


1-1164 


33-0.50 


1-0477 


9-780 


1-1840 


37-108 


i-n43 


33-342 


1-0457 


0-379 


I-IB23 


86-700 


1-1133 




1-0437 


8-971 


-1809 


36-293 


1-1103 


33- 4-20 


1-0417 


8-563 


J-1783 


35-884 


1-1083 


23-019 


1-0397 


8-155 


■ 1763 


35-476 


1-1061 


31-611 


1-0377 


7-747 


.■17« 
-1721 


85-008 


1-1041 


21-303 


1-0357 


7-340 


34-660 


1-103U 


30-796 


1-0337 


6-933 


■1701 


84-353 


1-1000 


30-388 


1-0318 


fi-534 


-1681 
l-16fll 


38-845 


1-0080 


19-080 


1-0398 


G-116 


83-487 


1-09G0 


19-573 


1-0979 


5-709 


[-1U1 




1-0930 


19-105 


10359 


5-301 


1-1630 


33-621 


1-00 IB 


18-757 


1-0339 


4-893 


3-159B 


32-313 


1-0890 


18-349 


1-0330 


4-486 


1-1878 


31-805 


1-0879 


17-941 


1-0300 


4-078 


-1507 


31-398 


1-0857 


17-534 


1-0180 


3-670 


1-1587 


80-090 


1-0838 


17-126 


1-0160 


3-263 


11515 


30-. ^83 


1-0818 


16-718 


1-0I4U 


2-854 


9.1404 


30-174 


1-0798 


16-310 


10130 


3-447 


3-1472 


29-707 


1-0778 


15003 


1-0100 


2-039 


1-146S 


29-35H 


1-0758 


1-1-494 


1-0080 


1-6.11 


M431 


28-951 


1-0738 


15-087 


1-0060 


1-134 


3-1410 


28-644 


1-0718' 


14-679 


1-0040 


0-816 


J-1389 


38-136 


1-0097 


14-371 


1-0030 


0-408 


113BB 


87-728 


1-0677 


13-803 






1-1849 


27-331 


1- 06.17 


IB -416 
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ts redden litmus, 


tbe free 


rid may be measured b 


y adding litmus, 


ind then 


annal alkali in the nana 


■ way. 





c.c. normal acid X -0364.57 = HCl 

In a solution containing salts of the lieavy metals 
the free acid innst be dctermiQed by Kieffer's 
method. 



HYDROCHLORIC ACID AND CHLORIDES. 
Br Silver Nitrate. 



The process is the reverse of the silver estimation. 
The chloride in neutral or faintly alkaline solutiou 
is precipitated by the addition of fp silver nitrate, 
2 drops of potassium chromate solution having 
been previously added. The precipitation is com- 
pleted when the red silver eltromate makes its ap- 
pearance. Silver chromate is slightly soluble. It 
dissolves in 6666-6 pai'ts water at 17-5°, and in 3704 
parts boiling water.* For this reason, the solutions 
in which chlorine is to be estimated must not be too 
dilute, and the titration should be performed at the 
ordinary temperature. Where great accuracy is 
necessary, it is best to add two drops potassium 
chromate to some distilled water, then sufficient sil- 
ver nitrate to show the red coloration ; the chloride 
to be estimated dissolved in a small bulk of water is 
then added, and ^ silver nitrate run iu until the 
same color again appears. 

c. c. TO silver nitrate X -003*54157 = 01 
' " " X -0036457 = HOI 



' Miilir, Titrirraetliode, p. c 




LORIC ACID AND CHLORIDES. 



AN ACID SOLUTION, 



In this case, the silver nitrate solution is added, 
diaklng violently after each addition, and allowing 
the precipitate to settle until it ceaaea to produce a 
})recipitate in the clear solution. Or, 

By means of the filtering pipette, find the neutral 
point. (See Silver.) 

Chlorine may alao be estimated by any of the 
rther methods given, for tlie determination of silver- 
it ia only necessary to add an excess of ^^ silver ni- 
■ate to the solution, filter, and determine the excess 
f silver in the filtrate. 



BY MEBCUIilC NITRATE, 



This method was first employed, by Liebig for the 
ietermination of chlorine in urine. It is grounded 
[pon the fact that mercuric nitrate is precipitated 
y nrea or sodium phosphate. In presence of so- 
ium chloride, however, no precipitate appears until 

Bufficient quantity of mercuric nitrate lias been 
dded to satisfy the clilorine, wliich combines with 
lie mercury, forming mercuric chloride. As soon 
s the chlorine has all combined with the mercury, 

further addition of mercuric nitrate produces a 
'hite precipitate. 

Both of these precipitates are, however, soluble in 
[ilute acids, and since it is impossible to obtain a 

sutral solntiou of mercuric nitrate, the method is 

>t by any means exact. 

Mohr, acting upon a suggestion of Kieffer's, lias 
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substituted potassium ferricyanide for the urea 
sodium phosphate, witli the best resalts, the pi 
cipitate wliicli is obtained after all the chlorine has 
combined with the mercury being entirely insoluble 
in the slightly acid liquid. 

Solution of mercuric nitrate : This must be pure, 
and contain no other uietals which are pi-ecipitated 
in acid solution by potaaaiuni ferricyanide. It is 
prepared as follows : The purest mercury that can 
be obtained is dissolved in nitric acid and allowed 
to crystallize. The crystals are nearly pure, the im- 
purities being contained in the mothor liquor. They 
are dissolved in a little water and nitric acid, the 
solution brouglit to boiling, and strong nitric acid 
added until red fumes are no longer given off. The 
solution is evaporated to a syrupy consistence, dis- 
solved in water, and diluted to proper strength. In 
diluting this solution, it is always necessary to 
a little nitric acid to the water, otherwise a precii 
tate of basic mercuric nitrate is formed. Care shouli 
be taken, liowever, not to have more free nitric acid 
present than is sufficient to keep the mercury all in 
solution. Tlie strength is best found by titrating 
against pure sodium chloride. A few small crystaJs 
of pure potassium ferricyanide are added to the 
solution to be titrated, and the mercuric nitrate solu-, 
tion run in until the precipitate produced no ion; 
redissolves upon shaking. 

nitrate x -0035457 



In 



The method is inapplicable in presence of a 
the metals which are precipitated by j 
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ricyanide. The method is good, but not quite so 
reliable as the method with silver nitrate with potas- 
sium chromate as indicator, and possesses no ad- 
vantages over it. 



HYPOCHLORITES. 

Commercial hypochlorites are products obtained 
by the action of chlorine upon the carbonates or hy- 
drates of the alkaline or alkaline earth metals. The 
following formula shows the composition of pure 
^•chloride of lime :" 

Ca3H,0.Cl, 

Whatever be its composition in the dry state, how- 
ever, when brought into solution, it seems to form 
calcium hypochlorite, calcium chloride, calcium hy- 
drate, and water. 

Ca3H.0.Cl, = CaCUO, + CaCl, + Ca(OHX + 2H,0 

''Chloride of soda," or Labarraque solution, con- 
tains 

xNa,Cl,0, + xNaCl + xlSTa^CO,, Chloride of potash, 
or "Eau de Javelle,'' xK,ClA + xKCl + xK,C03 

When such solutions are heated with an acid, all 
the chlorine is given off in the form of gas. 

CaClA + CaCl, 4-2H,SO, = 2CaS0, + 2H,0 + 4C1 
The bleaching or oxidizing effect of hypochlorites is 



thert'foro oqnal to twict' the araonnt of chlorine con- 
taiiii'il in till' liypocliloriU". It is iisual to estimate 
tho bli'acliing cflW't upon this basi&. In England, 
till' iiniiiiw i:* to I'sliinate the percentage of chlorine 
]trt double the amount cuutained in the hypochlorite, 
sinre one atom oxygen in bleaching power is eqaal 
to two atoms chlorine, orCl,0= 4C1. In France, the 
estimate is based upon a scale established by Gay- 
LiiBsne, acronling to which, the strengtli is meas- 
ured by the number of litres of chlorine at O^C -760 
nun. Imromeler, given off by 1 kilogramme " chloride 
of litne." If chloride of lime has a strength of 99°, 
according to the French system, it means that 1 kilo- 
grnmnie, heated with acid, gives off 99 litres chlorine, 
or ns 1 litre chlorine weighs 3-177 gma., 1 kilo- 
gramme would contain 99 x 3177 = 314-523 gms., 
or 31 ■425 fS chlorine. Therefore, degrees x -3177 = 
per cents ; per cents -=- -3177 = degrees. ^M 

BY SODIUM ARSENITE. ^1 

Arsenions acid in alkaline solution is oxidized 
by free chlorine or hypochlorites to arsenic acid, 

Aa,0, + CaCl,0, - As,0. + CaCl, 

Since the two atoms of oxygen taken from the cal- 
cium hypoclilorite are equal in oxidizing power I 
4 atoms chlorine, we have 



AsA = 4C1 
198- =141.828 



Hence the decinormal solution of sodium are 

described on page 59, containing 4-95 gms. As,*^^ 
per litre, will be equivalent to a solution containing 



lower f^M 

arsed^l 
s. AsL^P 



8-54.')7 gms. chlorine per litre, or 1 c. c. = -0035457 
ihlorino. 

The method coiisists in delivering the arseiiite into 
ihe solution of hypochlorite nntil a drop brought in 
lontact with iodized starch- paper shows no further 
blue color. 

The iodized starch-paper ia made by dissolving 3 
pns. starch in 930 c. c. of boiling water, adding 1 
:. potassium iodide and 1 gui. crystallized sodium 
arbonate, and dilating the whole to 500 c. c. Strips 
f filter-paper are dipped in the solution and used 
1 the damp state. 

If chloride of lime is to he examined, the process 
B as follows : The sample is rapidly and thoroughly 
bixed, and 10 gras, weighed out into a mortar. It 
8 rubbed with considerable water by means of the 
)estle, and after standing quietly for a few minutes 
3 allow the larger particles to settle, the still tur- 
)id fluid poured into a litre flask. Rub the chlo- 
ade of lime remaining in the mortar with more 
yater, and repeat this treatment until the entire 
imoiint has been brought without loss into the 
Itre flask ; mix thoroughly by shaking the flask, 
m to the mark with water, and take out 100 c. c, 
[ the turbid liquid for analysis. 
. A clear solution containing all the available chlo- 
Ine may also be obtained by dissolving the sample 
1 water, heating nearly to boiling, adding twice as 
Duch crystallized sodium carbonate, filtering, and 
cashing the precipitate until the washings no long- 
r produce a blue spot upon iodized starch paper.* 

* Smyth, CUem. News, xsiv. 75, 
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Tilt" solution of arsenioiis acid may also "be i 
by dissolving tln> pnii»or amount in 15 c. c. glyceri 
hy tile aid of lit-at, adding some HCl, and diluting ^ 
lo n litre. To makf the analysis with tliis solution, 
10 c. c. an." taken out, a drop of solution of indigo 
sulphate addrtl. and the turbid solution of the 
chloride of lime run in until the blue color of the 
indigo itt discharged.* 

Where tlie strength of bleaching powder is to be 
determinwl in dt^rees. it is usual, for technical pur- 
poses, to usw- a solution of arsenite, containing 4-43fl 
gms. As,0, jM'r litre. Each c. c. of such a solutioa, 
is equal to 1 degree when 1 gni. chloride of lime j 
taken for analysis. 

If we take 1 gm. of the bleaching powder i 
analysis, and wish t<i let tlie number of c, c, arseni 
used = Jf, we must use a solution of arsenite cffl 
taining 13-911 gms. As,0, per litre. The solutiffl 
containing 4-S>.') gms. AaX), per litre answers thi 
same piiiiiose if -36467 gms. instead of 1 gm: \ 
taken for the analysis. 

AVhen cliloride of lime is kept for a long time, t 
la exposed to an elevated temperature, the calciol 
hypochlorite is partly dtjcomposed, calcium oK 
rate and calcium chloride being formed. 

3CaC1.0, = Ca(C10j, + SCaCI, 

Neither calcium chlorate nor chloride ia of i 
value for bleacliing purposes, however, and e 
bleaching powder ia less valuable than one recend 
made. The arsenite solution, however, is not OS 



•■ Davis, Clietn. News, 



ized in alkaline sohition by calcium chlorate, and 
lence this estimation furniahea a true indicator of 
the value for bleaching purposes. The methods of 
Otto and Bunaen, to be described presently, are 
only applicable for samples of bleaching powder 
which contain no clilorate, or they may be used for 
determining chlorate and hypochloiute together. 
second estimation by arseniouB acid gives the hy- 
xwhlorite, and, subtracting the second from the 
t, gives the chlorate present. 



bunsen's method. 

20 c. c. of the turbid solution of bleaching powder 
3 poured into an excess of potassium iodide, aeid- 
fied slightly with hydrochloric acid, and the iodine 
iHtimated by -{s thloaulphate and starch. Or the 
}leaching powder may be distilled with hydrochlo- 
ac acid in a flask, the chlorine received in a solu- 
ion of potassium iodide, and the iodine set free, 
itrated with -^ tliiosulphate and starch. 



(T thioaulphate X ■(X)35457 = CI. 



A quantity of ferric sulphate is weighed into a 
)eaker, dissolved in water, some dilute sulphuric 
icid added, and the turbid solution of bleaching 
jowder run in from a Gay-Lusaac burette until 
Irop of the liquid gives no blue precipitatf 
)Qtas8ium f erricyanide, 

a sulphate x -12704 = CI. 



iching 

ntil a ^M 

I with ^M 



TOLrMETBIC ANALYSIS. 



FKESESIITS' MODIFICATION OF OTTO'S METHOD. 




tion. ■ 



Weigh off accurately about 15 gras. iron wire, dia- 
Bolve in bydi-ocliloiic acid in a flask through which 
hydi'Ogeii or carbon dioxide is passing, allow to 
cool, and dilute to about 200 c. c. Oxidize the 
with the turbid solution of "bleaehing powder 
in from a burette, and calculate the proportion. 
56 : 35-457 : : the quantity of iron used : x. x = 
the chlorine in the amount of chloride of lime used. 
TMs calculation may be dispensed with by the ap- 
plication of the following formula, in which the 
bon in the piano-forte wire is taken into account. 

Multiply the weight of the piano-forte w 
6313 and divide the product by the number " 
used of the solution of chloride of lime ; the 
expresses the jiercentage of chlorine by weight 



CHLORIC ACID AND CHLORATES. 

By Oxidation" of Ferrous Salts. 

If chloric acid or a chlorate is added to an i 
solution of ferrous sulphate, the following reactioa 
takes place ; 

12FeS0. + 2KCI0, + 7H,,S0. = 6Pe,(S0,), + K,SO, - 
6n,0 + 2HC1 

The chlorate is dissolved in wat:*r, solution of t 
reus ammonium sulphate in excess added, 
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Bome sulphuric acid, and the solution heated for 
some time. The excess of ferrous salt is then found 
by bichromate. It is best to conduct the operation 
in a flask through which hydrogen or carbon diox- 
ide is passing, to prevent oxidation of the ferrous 
salt by the oxygen of the air. 

Ferrous ammonium sulphate x -05212 = KCIO3 

BY DIGESTION WITH KI AND HCl. 

When a chlorate is digested with KI and HCl in 
a stoppered flask, it is decomposed, and iodine is 
set free, which may be measured by starch and ^ 
thiosulphate. 

KCIO3 + 6KI + 6HC1 = 7KC1 + 3H,0 + 61 

c. c. -^ thiosulphate X -0020432 = KCIO3 



BROMINE. 



Bromine, added to a solution of potassium io- 
dide, sets free an equivalent of iodine, which may 
be measured by -^ thiosulphate and starch. Care 
must be taken to use an excess of potassium iodide. 

c. c. ^ thiosulphate x • 0079952 = Br 

HYDROBROMIC ACID AND BROMIDES. 

In the absence of chlorides, iodides, and cyanides, 
the amount of bromine present as hydrobromic 



acid or metallic bromide may be found by precipi- 
tating witJi Yff silver nitmte. The prefilpitate being 
quite as insoluble as silver chloride, either of the 
methods given under hydrochloric acid answer 
equally well for hydrobromic. 



c. c. j\ silver uitiute X -0079953 = Br 



ESTIMATION OF BEOMIDB8 IN PRESESCK 
CHLORIDES. 



I 



Where great acctiracy is required, the estimatioB 
must be made by gravimetric methods. When ap- 
proximate results will answer, either of the foUow- 
iiig methods may be employed : ^H 



inea_ 



REIJHANH'S METnOD. ^ 

When chlorine water is added to a bromide, it 
first sets all the bromine free, and then combin^a. 
with it, forming bromine chloride, which has mi 
less color than bromine itself. 

Mix the liquid containing the bromine in coral 
nation with an alkaline metal in neutral solution 
with enough chloroform to leave a piece the size of 
a hazel-nut undissolved. The solution should be 
contained in a stoppered bottle. Run chlorine 
water from a burette into the fluid, shaking after 
each addition. The globule of chloroform at first 
becomes yellow, then orange, yellow again, and 
finally "yellowish white." This point is difficult 
to hit with any precision, unless we have a 8tan< 
of color for comparison. Tliis standard is madft* 



pllowa : Take a weighed riuantity of pure potas- 
um bromide, dissolve in water, pour into a bottle, 
nd add some chloroform, and then add a quantity 
t chlorine water from the burette, exactly sufficient 
o form Bi-Cl with the bromine of the potassium bro- 
aide. This quantity is 2 atoms chlorine to 1 atom 
bromine, and, as the strength of the chlorine water 
B known, may easily bo calculated. A solution of 
lotassium chi-omata ia then made of such strength 
bat it corresponds in color with the globule of 
hloroform, and a portion of this solution is taken 
or comparison in subsequent analyses. 
The solution of chlorine in water is standardized 
r adding a measured volume to an excess of potas- 
rium iodide, and determining the liberated iodine 
-fg thioaulphate. The burett^^, to contain it mnst 
3 covered with a case of black paper that can be 
dipped off and on, to protect it from the decompos- 
dg action of the light. 
By this metliod Reiraann obtained -0180 instead 
■ 0185— -055 instead of -059— -0112 instead of 
0100. 

HTMES' METHOD, MODIFIED BY FRESENTITS. 

The bromine is liberated by chlorine water, and a 
[oantity of chloroform or carbon bisulphide added 
) absorb it. The solution is thoroughly shaken 
r each addition of chlorine water, to allow the 
hloroiorm to absorb tlie liberated bromine. The 
Uorine water is added as long as the chloroform 
in color, and the amount of bromine found 
r comparing the color with a chloroformic solution 



of bromine of known strength. The amount of bro- 
mine must bi3 approximately" known, and the anal- 
ysis must be performed rapidly and away from 
strong light. The amount of cliloroform taken for 
the analysis and for making the solution of bromine 
for comparison should be ecLual, 



ESTIMATION OF BROMIDES IN PRESENCE OF fllLO- 
1UDE3 AND IODIDES, 

When clilorine water is added to a solution con- 
taining an iodide, iodine is set free, and then com- 
liines with the excess of chlorine, forming ICI„ 
which is colorless, and ia immediately decomposed 
by water into iodic and hydrochloric acids, also col- 
orless. If bromine be present, and the solution is 
dilute, it takes the place of the chlorine and forms 
IBr„ which is likewise colorless. 

The analysis is conducted iu the same way as in 
Reimann's method for bromine in presence of chlo- 
rine. The fluid must, however, be dilute, and must 
not contain more, than 1 part potassium bromide to 
13,00() of water. A globule of chloroform is added, 
and then chlorine run in as before. The iodine ia 
set free at first, and gives a blue color to the chloro- 
form, which gi-adually passes tlirongh violet, and 
then suddenly becomes colorless. At this pointy all 
the iodine has been converted into iodic acid, and 
the bromine ia present as HBr. The amount of 
chlorine water used thus far is noted, and then more 
run in. The bromine is now set free, and then com- 
bines with the excess of chlorine to form BrCI, UDti! 
the "yellowish white" color ia produced in lUe 
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globule of chloroform. The second portion of chlo- 
rine water is a measure of the bromine present, 2 
equivalents chlorine being equal to 1 equivalent 
bromine. 

BROMIC ACID. 

Determined like chloric acid. 



IODINE. 



Iodine in the free state is estimated by dissolving 
in potassium iodide, and titrating with ^ thiosul- 
phate. 

HYDRIODIC ACID AND IODIDES BY CHLORINE WATER 

AND CHLOROFORM. 

When chlorine water is added to an iodide, the 
iodine is first set free, and then combines with the 
excess of chlorine, ICl^ being the final product. The 
lower chlorides of iodine, as well as iodine itself, 
color chloroform violet ; the pentachloride is, how- 
ever, colorless, and is decomposed by water into 
iodic and hydrochloric acids, also colorless. The 
chlorine-water is added to a solution containing the 
iodine, together with two or three c. c. chloroform, 
until the color at first produced in the chloroform just 
disappears. The strength of the chlorine water is de- 
termined by running a measured amount into potas- 
sium iodide, and measuring the liberated iodine by 
^ thiosulphate. The results are accurate. 



TOLTKinLr. 



Process. ^H 



MiJir't Mod^Seatiem q^ the above Process. 

CUorine mUer ts added in esot^ss nntil all yel- ' 
lowish color has disappeai^ and a drop of the solu- 
tion |riT« no Woe color with starv-h. Sodium bi- 
rarbomr^ is now added nalil The solution is alka- 
line, aiwi then an excess of potassiom iodide. The 
excvss of clilorine sets &ve an etjuiTaleat amount of 
iodine, which is meseured by slarch and ^ thiosul- 
phate, Mohr obtained br this method -010109 gm. 
iodine instead of -01 gm. 



BY DISTtLLATIOS WITH FERBIC SULPHATE. 



4 



When pota^^ium iodide is heated with an acid 
solution of ferric sulphate, ferrous sulphate is formed 
and all the iodine is set free. 

SFe.tSOA ^ -iKt = 4FeS0. + 2K,SO, + 4l 

The iodide is heated with the acid solution of ferric 
sulphate in a tlask pi-orided with a perforated cork 
and wide glass tube nearly touching the surface of 
a solution of potassium iodide contained in a U 
tube, into wliich the tube is fitted by a perforated 
cork. A piece of magnesite should be placed in the 
flask along with the iodide. The acid acta jipon this 
slowly, setting free a slow current of carbon dioxide, 
which prevents regurgitation, and also helps to carry 
over the vapor of iodine. The tube which conducts 
the iodine into the potassium iodide must be tohtra- 
lily wide if much iodine is to be distilled oflE, other- 
wiso this may condense and completely close it 
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W'lien the solution has been boiled for some min- 
utes, and all the iodine seems to be driven over, 
ta^ke away the lamp, disconect the apparatus, and 
poTir the solution of iodine into a beaker, wash out 
tl^o tube, and pour into it a little fresh potassium 
i^<3ide and a few drops of starch, then reconnect the 
apparatus, and boil the liquid for a few minutes. If 
th-e^ solution turns blue, it shows that all the iodine 
has not been expelled, and the distillation must be 
coixtinued a short time longer. Both fluids are then 
^i:xed, and the iodine determined by -j^ thiosul- 
pti^te. Since for each equivalent of iodine set free, 
on.e equivalent of ferrous sulphate is formed, by 
^^asuring the amount of this substance by -^ per- 
manganate, we can also determine the amount of 
iodine. 

c. c. ^ thiosulphate or permanganate x • 012685 = I 

The above method of distillation may be used for 
separating iodine from iodides in presence of chlo- 
rides. Of course no substance capable of giving off 
chlorine in contact with hydrochloric acid should be 
present. 

PISANl'S METHOD. 

This method is based upon the fact that in solu- 
tions containing chlorides, bromides, and iodides, 
the iodine is precipitated completely by silver ni- 
trate before the chloride begins to come down. 

One half c. c. of the solution of starch iodide (see Sil- 
ver) is added to the mixed chloride and iodide, and 
then tV silver solution run in until the blue color of 
the starch iodide is destroyed. The number of c. c. of 



silver nitraty used, minus that equivalent to J c, o, 
Btnroh iralide, is a meaanro of tlie iodine contaioed 
111 Iho mixture. ^H 

f. <■. ,V Bilvcr nitrate X -012685 = I ^M 

Fresisnius obtained by this method with j)ure KI 
99-31 % instead uf UK) ; with pure KI and twice the 
amount of Bodium chloride, 99-85 % instead of 100; 
KT + 1(R) times as much NaCI, 100-26 % instead of 
loo ; KI + twice the amount of KBr, 99 ■ 65 ^ instead 
of 100. 



Br PALLADIOUS CHLORIDE.* 



When paLladious chloride or nitrate is added 
the solution of an iodide, it is completely precipi- 
tated as palladioun iodide, wliich is insoluble in di- 
lute acid. 

PalladioHs chloride : This is prepared by dissolv- 
ing metallic palladium in nitro-muriatic acid, and 
evaporating to dryness on the water-bath. It is dis- 
solved in water, the strength found by titration 
against the solution of potassium iodide to be do- 
scribed presently, and diluted until it is equal to it 
in strength. 

Potassium iodide : Tliis is made by dissolving 
1-3085 gms. pure potassium iodide in water, and 
diluting to a litre ; 1 c. c. = -OOl gm. L 

The solution, which should not contain more than 
■ 0500 gms. iodine, is diluted somewhat, and warmed 
by placing the bottle containing it in warm water. 
The solution of palladious chloride is run in, sbat 

" EersUng. Llebig'a ADQalen, 87, 35. 



i 



Ing violently after each addition until no more pre- 
cipitate is jjroduced in a portion of the clear super- 
jiatant liqnid. Toward the end of the process, the 
^aid should be allowed to stand a fewmiuutea after 
each addition before testing. The filtering pipette 
■ jnay be used to assist in finding the proper point. 
.It is best to take the first analysis as a guide, and 
lake a second, adding nearly the whole amount of 
alladious chloride solution necessary at once. 

c. c. palladious chloride X 001 = I 

The iodine must always be present as hydriodic 
acid or a metallic iodide, and never in the free state 
r as iodic acid. Dilute hydrochloric, sulphuric, 
faosphoric, nitric, and acetic acids, and neutral po- 
tesium, sodium, and ammonium salts of these acids, 
tnc chloride, calcium chloride, sugar, uric acid, etc., 
O not interfere ; but free chlorine, brorair.e, iodine, 
r cyanogen, much nitric acid in a hot solution, and 
illphurous acid, are objectionable, 
■ The palladious iodide should be collected by 
Jlowing the solutions to deposit in a cylinder. It 
! heated to redness in a platinum or porcelain eru- 
Ible, by which the iodine is expelled, and the pal- 
lium may be used in preparing new solutions. 
' All the methods thus far given under this heading 
"are applicable in presence of chlorides and bro- 
lliideB. If the solution contains only iodine, it may 
l»e estimated by any one of the methods under 
'chlorine. 

IODIC ACID. 

Determined like chloric acid. 



I 




ESTBLVTION OF CARBON IN LOW STEELS. 

When steels containing less tlian about -75 ^ 
carbon are dissolved in nitric acid, the solution lias 
a brownislx-red color, tlie shade of which depends 
upon the amount of combined carbon contained 
in it. One gm. of the steel is dissolved in nitric 
acid, and the color of the solution compared with a 
series of tubes containing solutions which correspond 
in color to a solution of 1 gm. steel, containing -02, 
-04, -06, -08, etc., % carbon. The tubes are ar- 
ranged in a rack (Fig. 43), they are § of an inch in 
diameter, and 3i inches in length, filled with water 
and alcohol, colored with coffee, and hemietically 
sealed. The solution in the tube to the left has its 
color to correspond exactly with one produced by 
one gramme of iron containing -[)2 per cent of com- 
bined carbon dissolved in 15 c. c. of nitric acid. The 
solution in the tube next to it has its color to corre- 
spond with one produced by the same quantity of 
iron, but containing -04. per cent combined carbon, 
and so with each of the other tubes, increasing -oa 
per cent of carbon in regular succession to the right, 
the last reaching -3 per cent as indicated by the fig- 
ures on the upper rail of tlie ijistrumeut. 



On tlie back of the instrnment, and for the pux- 
\ pose ot •partiiiily screening tlie liglit, and allowing t 
I the different shades of color to be distinctly dia- 
I cerned, there is tightly stretched between the rails ] 
I Bome fine white parchment-paper. This screen 13 , 
I not shown in the cut, but it serves a very important 
I purpose. 

The process is conducted as follows: One gm. of 
the finely-divided metal is put into a tube of about 
IJ inches in diameter and 10 inches long, and di- 
gested for fifteen or twenty minutes in 10 c. c. nitric 
acid of a little more than 1-20 sp, gr., and free from 
chlorine. The solution is then cautiously poured 



into a beaker, and a small portion of metal which 
remains undissolved and adheres to the bottom of 
the tube, is treated with 5 c. c. of fresh acid, and ex- 
posed to a gentle heat till completely dissolved and 
added to the other. The contents of the beaker, 
when sufficiently cool, are filtered through two thick- 
nesses of German filtering-paper (not previously i 
moistened, and of a diameter not exceeding 4^ ! 
inches) into a tube about 5 inches long, and of pre- 
cisely the same diameter as those in the instrument. 
After the filtered solution has remained for some 
minutes at the temperatiire of the atmosphere, and 
its color become fixed, the tube is placed in the in- 
etrament, and the carbon determined by a compari- 



son of sliados. The determination may be niad» 
readily aa close as -01 per cent. 

Heat should not lie applied in the first instanpe to 
facilitate the solntion of the metal, because a high 
temperature is apt to cause ii alight loss of color. 
Two thicknesses of paper are taken because one 
alone ia liable to break. If the metal to be exam- 
ined contains more than -SO percent of carbon, -5 
gm. or less of it may be taken, or the solution may 
be diluted ■vylth an equal volume or more of water, 
and the proper allowance made ; on tlie other liand, 
if the metal contains a very small per cent of car- 
"bon, 2 gms, of it may be taken. As a rule, the in- 
strnments aro kept in the dark, except when iw 
actual use,* 



DISSOLVED OXYGEN IN WATER. 
By Fekiwus Sulphate (Mohr). 



a ia-^j 



When an acid solution of ferrous suljihate is 
poured into water containing dissolved oxygen, it 
ia not perceptibly oxidized. If the solntion be 
made alkaline, however, the oxygen is completely 
absorbed, and upon again acidifying, an amount of 
ferric sulphate is produced equivalent to the dis- 
solved oxygen of the water. 

The water to bo tested is placed in a bottle, 
provided with a carefully-ground stopper, and 3 
weighed amount of iron wire dissolved in sulphiirfc 

• Britton, Clitm. Nbwb, xiii. 101. 




, or of ferrous ammonium sulphate diaaolved in 

;r, is addled. Tlio bottle is tlien filled with car- 

KHi dioxide by placing the end of a tube connected 

;h an apparatus evolving a rapid current of the 

1 through the neck. An excess of sodium hy- 

is then added, the bottle quickly closed, 

aken, and allowed to stand for ten or )ifte»!a miu- 

The stopper is then taken out, and an excess 

r Bulphui'ic acid added, after which the fluid is 

titrated by -f^j permanganate for excess of ferrous 

salt. In filling tlie bottle with carbon dioxide, the 

s must not be allowed to run into the bottle longer 

lan is necessary to Jill it, as otherwise a part of 

3 oxygen dissolved in the water will diffuse into 

It, and the results obtained will be too low. 

Ferrous ammonium sulphate x -020403 ~ oxygen. 

BY SODIUM IITPOSULPIIITE.* 

Solution of sodium hyposulphite rapidly takes 
p oxygen from a substance containing it, and may 
; used for estimating oxygen dissolved in water. 
i following description of the process is taken 
■om an abstract published in the Journal of the 

■nieal Society, 1873, p. 93C : 
Preparation of the Raagent. — Hyposulphite (hy- 
■iftrosulphite) of sodium is formed by the action of 
^Inc on acid sulphite of sodium, thus : 

BNaHSO, H- Zn = NaHSO, -t- Na,SO, + ZnSO, + H,0 



VOLUMETRIC ANALYSIS. 




After tbe reaction, most of the sulphite of zinc c 
ta,llizes out, the other products remaining in sohi 
tion. The liquid, which absoriis oxygen with a 
rapidity comparable with that of pyrogallate of 
sodium, may be emi)loyed directly, or it may be con- 
verted into neutral hyposulphite by adding to it an 
excess of milk of lime, whereby the remainder of the 
zinc is tln'own down as oxide, together with snlphito 
of calcium, whilst neutral hyposulphite of sodium 
(Na,80,) remains in solution. The neutral salt ab- 
sorbs oxygen much less rapidly than the acid salt. 
Tlie following mode of operating is adopted by the 
authors ; A quantity of zinc in strips twisted so as 
to occupy a large bulk is placed in a wide-necked 
Hask of 200 v.. c. capacity, which is then filled witli a 
solution of acid sulphite of sodium of 10° Eaume, 
fully saturated with sulphurous acid ; the Hask ia 
closed with a caoutchouc stopper, perforated to 
allow the escape of air, and finally closed with a 
piece of glass rod. In about half an hour, the re^ 
action is complete, and the solution may be at once 
diluted to alMJut two litres for use if acid hyposnl- 
phite is desired. To obtain neutral hyposulphite 
when necessary, tho contents of the flask are i)Oured 
into a 1-litre flask containing 30 gms. of previously 
slaked quicklime, and 600 c. c. of water ; tlie flask ia 
filled with water and allowed to cool. When clear, 
the supernatant liquid, which should be feebly alka- 
line, is syphoned into a 2-litre flask half full of 
water. 

Titration of the Hyposulphite. — The strength of 
the hyposulphite solution, whether acid or neutral, 
is determined by means of an ammoniacal solution 




) OXYGEN' iS' WATER. 

of cupric oxide, which substance is reduced, first to 
cnprous oxide, and then to the luetallic state, hy an 
excess of the hyposulphite. Neutral or acid liypo- 
fiulphite of sodium is converted by absorption of 
'bee oxygen into neutral or acid sulphite ; but the 
authors have found tliat in reducing cupric to cu- 
prous oxide, the hyposulpliite takes up only half as 
much oxygen as it would take up if the oxygen 
Were free, and that consequently the product of the 
Oxidation cannot be the same. They dissolve 2-23 
gma. of crystallized sulphate of copper in water, 
Aud add an excess of ammonia, and enough water 
to make iip the bulk to 1 litre. 100 c. c. of this so- 
lution represent 1 c. c. of oxygen. 

The titration of the hyposulphite may be made 
n an open vessel, 20 c. c. of the copper solution 
being employed. The point of the Mohr's burette 
containing the hyposulphite should be very long, so 
9S to dip below the surface of the copper solution, 
and the reagent should be run in rapidly with con- 
; stirring till the blue color changes to very 
ale yellow. The error due to atmospheric oxidor 
ion may be avoided by making the titration in a 
dose vessel in a current of hydrogen or coal gas de- 
prived of oxygen. Comparison of the two methods 
las shown tliat this error amounts to about -5 c. c. 
n 20 c. c. of hyposulphite. The solution of hyposnl- 
}hite is of a convenient strength when 20 to 30 c. c. 
)f it are required to decolorize 20 c. c. of the copper 
lolntion. 
The hyposulphite solution, the strength of which 
a been thus found, is employed at once to deter- 
ne the amount of dissolved oxygen in wat4^r, by 



plunging the point of the burette to the bottom ot* 
vessel containing a litre of the water, slightly coloi*^ 
with Coupier's blue, and running in hyposuli'l^^'^ 
till tlie color disappears, the two liquids btsi^^ 
mixed with an agitator in such a way as not to *^'*' 
turb the surface. The free oxygen in water car*-*" 
be thus determined in an atmosphere fi'ee from f>^^^' 
gen, on account of the rapid loss of oxygen by *^"-" 
fusion ; but this difficulty may be surmounted °J 
introducing into a vessel filled with hydrogen fc^™ 
an excess of tlie hyposulphite, and then the waCr^*"^' 
and estimating the excess of hyposulphitts ''/ 
means of a solution of indigo of known streng^''> 
that substance being bleached by hyposulphite. 



ANALYSIS OP URINE. 



I 



In making an analysis of urine, for medical pur- 
poses, great exactness is not necessary, rapidity 
being the chief desideratum. In taking a sample of 
urine for analysis, the following points should be 
noted: 1. Volume of nrine passed in 24 honrs. 2. 
Color and smell. 3. Reaction to litmus paper, 
the urine contains suspended solid matter, 
should be filtered off and examined separately. 



SPECIFIC f.RAVITY. 

This is usually determined, and with snfficil 
exactness, by means of a special liydrometer, 




terinometer, giving Bpecific* gravities between 1-000 
. 1040. The sjieuitiu gmvity may also be deter- 
ned by a specific gravity bottle which holds 100 
distilled water at 16°. Tlie temperature, of 
arse, exercises an influence upon the specific 
avity, and the urine should be brought to the 
nperature of 16" before the Bpecific gravity is 
According to tlie researclies of Siemon, a 
3 of 3° corresponds to a difference of about 
K>1 in the specific gravity of tlie urine, tlie specific 
7 becoming less as the temperature rises. 



TOTAL SOLIDS. 



According to Neubauer, the amount of dissolved 
(dida may be calculated with tolerable accuracy 
rom the specific gravity. Tiie three last places of 
le four decimals in the specific gravity, multiplied 
^0-233, give the amount of solids, in grammes, 
1 1000 c. c. uriue. Neubauer gives the following 
sample : 

'Qoantity of urine for 24 hours. 1500 c. c. Specific 
■avity = 1-0134. Solids in 1000 c. c. = (0-233 x 
S4) = 31-22 gms., or in IfiOO c. c. = 46-83 gms. 
<j the gi-avimetric method, to be presently de- 
urJbed, 46-59 gras. were found in 1500 c. c. of the 

3 urine. 

Oravimetric Method.—^When urine is simply 
paporated to dryness, a portion of the urea is de- 
mposed by the acid sodium phosphate present into 
^bon dioxide and ammonia. The latter combines 
ith the acid sodium phosphate at ordinary temper- 
tires, but is again decomposed at 100°, so tliat if 



2^2 



TOLfMBTRIC ASALX^K. 



uiitvi W directly **\-aporat«l, a couliDnal crcJatiuo 
of aruraoaia is noticed, and the amonut of r>«idue 
nbtaltb^ 13 d-'crwised by thi) weight of thi- area 
destroyed. To obviate (bis error, KtTibauer pro- 
ceeds an follows : The appEtratiis v^mploycd consists 
of a circular water-bath 12 cms. lugli and 11 cms. di- 




ameter, shown in Fig. 44, through which pass 
tube of slieet iron, 2i U> 3 cms. in diameter. B il 
glass, J> contains a measured qmmtity <»f sulpha^ 
iKAid of kuown atrengtli, and i^ contains calcia 
chloride. The apparatus is connectod with an J 
pirator by the tube S. 

A porcelain boat, 7-8 cm. long and 1-4 cm 
width, is two thirds filled with pieces of f 
S c. v.. of the urine in which the determinatiorf 
total solids is to be niadt; pjured over the broH 



glass. The boat and contents are inserted in the tnbe 
B, and the water in the water-bath heated to boil- 
ing, while a stieam of aii- is drawn through the ap- 
paratus. In about three hours, the operation is 
ended. The porcelain boat is taken out, allowed to 
cool under a desiccator, and weighed. The differ- 
ence between the weight before and after the opera- 
tion is total solids. To the amount bo obtained, the 
urea corresponding to the ammonia given off is still 
to be added. The ammonium carbonate adhering 
to the glass tube is washed into tlie flask containing 
the acid, and the excess of acid found by ^ alkali. 

c. c. t\ acid X -UOSO = CN,H.O 



^ 



I 



Total Saline Matter. 

Ten c. c. of the urine is evaporated to dryness in 
a platinum dish, and carefully heated over a lamp 
until no more gas is given oflf. The mass is treated 
with hot water, and filtered through a small filter. 
The colorless filtrate is evaporated to dryness, heated 
to redness, and weighed. The filter, with its con- 
tents, is dried, burned, and the residue, after de- 
ducting the filter-ash, added to the amount already 
found. 

CULORINE, 

Mohr's Method. — 5-85 c. c. of the urine is run 
into a platinum evaporating dish, 1 gm. potassium 
nitrate free from chlorine added, the whole evapo- 

Eto dryness, and heated over the lamp till per- 
■ white. The mass is dissolved in water, and 



I 
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nitric acid added until tlie solntion is neutral 
only faintly alkaline. Two or three drops of a 
urated solution of potassium cliiomate are then 
added, and -j=, silver solution run in until the red 
color produced no longer disappears on stirring the 
liquid. The c. c. of silver solution, divided by 
gives the per c«nt of sodium chloride, the form 
which the chlorine is usually calculated. 

Instead of 5 ■ 85 c. c. of urine, 10 c. c. may be taken, 
and then c. c. of yy silver solution X -(X)35457 = CI. 

The organic matter, which interferes with the ap- 
plication of Molir's method may, according to Pri- 
bram,* be destroyed by adding a solution of potas- 
sium permanganate to 10 c. c. of the urine, until the 
pink tint appears, boiling and Altering. The c] 
rine is then determined in the filti'ate. 

Volhard^S Method, — The urine is evaporated 
dryness with potassium nitrate, heated until the resi- 
due is white, and the chlorine in the residue esti- 
mated by adding an excess of -^ silver nitrate, then 
a little ferric sulphate and -^ potassium sulphocya- 
nide until the solution takes a faint brownish-red 
color. (See page 168.) ^_ 



me 

1 



Ithe 

1 



Liebig's Method. — This method is fonnded npcoi' 
the fact that mercuric nitrate precipitates urea from 
its solution as a white powder which contains one 
equivalent urea to four equivalents of mercurj'. The 
indicator used is sodium carbonate. As long as no 
excess of mercuiy is present, this gives a white pre- 

• Zuitflcbrift f. All. Cliom. I 



jipitate ; but when tlie mercury is in excess, a jpI- 
ow precipitate is formed. 
Solution of Mercitric Nitrate. — T7-2gms. mer- 
piiFic oxide ia disaolved in the least possible quan- 
Wty of nitrit; acid, and diluted to a litre, A suffi- 
[tient excess of acid to keep the liquid clear upon 
dilating should be present, but any beyond this 
nust be carefully avoided, as the white precipitate 
ipf nrea and mercury is soluble in nitric acid. 

Phosphoric acid and chlorides interfere with the 

brccuracy of the method, and must be removed bo- 

"Sore the urea is determined ; 50 c. c. of the urine is 

nixed with 50 c. c. of baryta-water, shaken and iil- 

; 20 c. c. of the filtrate, = 10 c. c. urine, are 

iaken, the excess of barium hydrate saturated with 

kitric acid, and eufflcient ~g silver solution added 

) exactly precipitate the chlorine present. The 

mount of chlorine having been determined in a pi-e- 

|rious experiment, this is easily calculated. With- 

nt filtering, the solution is brought under the mer- 

iry burette, and the mercury solution run in until 

Ik drop-of the fluid tested with a drop of sodium car- 

lonate upon a watch-glass gives a yellowish precipi- 

Jate. The analj'sis may be checked by dissolving 

Kl gm, urea in water, and adding 10 c. c. of the mer- 

[nry solution. A drop of the solution, treated with 

% drop of sodium carbonate, gives a precipitate, the 

alor of which serves as a guide in the analysis of 

|ie urine. 

lerciiry solution divided by ID = % urea 

[ If the urine contains albumen, this must be sep- 
fated by boiling for a few minutes with a few 
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dropa of acetic acid, and decanting from the precijl 
tate, theu filtering and determining tlie ailne in t 
filtrate. If ammonium carbonate is present, the 
solution must "be licated after the addition of barium 
hydrate, to drive off the free ammonia, and, after the 
removal of the chlorine, the urea estimated in the 
ordinary" way. 

By Con'Bersion of the Urea into Nitrogen Gas, 
and Measuring the Volume. — Knop* converts the 
urea in unne into nitrogen gas, and calculates the 
amount of urea from the volume. The process has 
since been modified by Hufner,t who proceeds as 
follows : 

The apparatus used is shown in Fig. 45 : a should 
have a capacity of 5-8 c. c, and is connected with c 
by the cock li, having a tolerably large perfcration. 
The vessel d, which may be made from the uppa; 
part of a bottle, is connected tightly with c I 
means of a cork ; e is a eudiometer tube 3 cm. widS 
30 cm, long, and divided in | c. c. 

BroTihized Soda Sohdion. — The solution for ( 
composing the urea is made by dissolving 100 g 
sodium hydrate in 250 c. c. water, and adding 25 o. d 
of bromine to the cold solution ; 60 <■., c. of this scA 
tion is diluted with 20O c. c. water for use. It \ 
best to prepare a fresh quantity of this soluti 
each time. 

Take 10 c. c. of the urine and dilute to 40~fiO Oi'^ 
By the aid of a funnel tube, the vessel a, togetM 
with tliB bore of the cock (the content of these in 
c. c. being known), is filled with the urine, aud tha 

* Cheni. Cenlralblatt, 18G0. 274. \ Jour. (. Prab. CUemie, c 
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cock tnrneci. The bromized soda solution, diluted 
with an equal volume of water, is now poured into 
c, until it has a depth of 2 cm. in the vessel d. If 
any urine remains in c, the urea it contains is de- 




Fio. 45. 



composed, and nitrogen gas given oflf. After the 
evolution of gas has ceased, the eudiometer is filled 
with water and inverted over the upper end of c in 
the vessel d. The cock h is now opened, when the 
bromized soda solution sinks into a, on account of 
its high specific gravity, and, mixing with the urine, 
decomposes the urea. The nitrogen rises into the 
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eudiometer, and after a few hours its volume is 
determm((d, first rifoioving it to a ryliuder filled 
with water. According to Russell and West,* -1 
gm. nrea produces, by its decomposition, 37-1 c. c. 
nitrogen gas, and the calculation can be made upon 
this basis. In ordinary cases, no correction of the 
volume of gas for tt^mperature, pressure, etc., need 
he made, as the amount of nitrogen dissolved by 
the fluid about compensates for the increase of vol- 
ume due to moisture. When correction is made, 
the following formula is employed, calculating 1 
gm. urea to give 370 c. c. nitrogeng as at 0°C, and 
760 mm. barometric pressure, t 

100 V (h-7)') 



P = 



760,370, a{l + 0-003665 t") 



1 



a = volume of urine used. 

6 = volume of gas read off. 

V = height of the barometer. 

t = temperature, 

b' = tension of water vapor for the temperature t. 

If albumen be present in the urine, it should be 
precipitated by heating with 2 or 3 drops of acetic 
acid. Sugar does not interfere. 

Method of ATw^cuZas.:};— Pasteur and Van Tieghem 
having shown that the conversion of urea into ammo- 
nium carbonate is accomplished by the action of a 
specia] tornlaceons ferment, consisting of 8pheiic|' 
balls about -0015 ram. in diameter, Musoulus I 

•Jour. Clieni. Soc.,2aer. xii. 74B. 

f Neubauer and Vo)(el, Annlyse <1pb narns, 

t Arch. Phann. [3] v. 485 -. Frea. ZeitBcTirift, 15, 383. 




^PK::ft.ade use of the fant in the qaantitative estimationn 
Hpf urea in urine. The ferment is preserved by filJ 
Uf^^ring fermenting urine and drying tlie liltering-J 
l*]E^^%per impregnated with the germs at 35°-40°, I 

fc Paper thus prepared can be liept for a mouthj 
Hp'^thout losing any of its power of inducing the] 
^PLireal fermentation. 1 

B The ferment may also be prepared by adding! 
■*t»ong alcohol to the urine of persons suffering from J 
B"0^».taiTh of the bladder, and collecting and dryinn 
IP*^^ a gentle heat the precipitate produced. I 

H 10 c. c, of the urine is taken, to which a slight 
^^^sccess of sodiiim carbonate is added, and then a few 
^Pt>:-op3 of litmus. The solution is diluted 10 times 
^f^^th water, exactly neutralized with dilute acid, J 
^V*i:&d -2 gm. uf the ferment powder added. The so-S 
^p^^tioa is placed ou a water-bath, and heated to 35°-! 
^W*0" for an hour, at the end of which time tlie urea ^ 
^■^ completely converted into ammonium carbonate, j 
^■■■'''liose amount may be eatiniated by normal acid, J 
^B and from it tlie urea calculated. 1 

^f ESTIMATION OF PHOSPIIORIC ACID. I 

B The solutions used are the same as those de- I 

V scribed under phosphoric acid. I 
W 50 c. c. of urine are taken, to which 5 c. o. of so- m 
I dium acetate are added, and the titration finished, I 
I after treating the urine by adding the solution otM 

V aranic acetate in the usual manner. m 
■ The estimation is sharjier if the phosphoric acidJ 
9 is first precipitated by magnesia mixture, then I 
J washed with ammonia water, dissolved in acetic I 



acifl diluted to GO c.c. 6 e. c. sodium acetate solu- 
tion ailded, and tlie Bolution titi-ated with tiCandard 
ui'auio acetate. 



SULPHUEIC ACID. 



This is determined with fV l^arium chloric 
using the filtering pipette. (See page 241.) 



I 



The sngar is determined hy diluting 10 c, c. oC 
the nrine to 200 c, c, and running it from a burette 
into 10 c. c. copper solution, diluted with 40 c. c _ 
water, and heated to boiling in a porcelain evatk 

orating dish. The diluted urine is added until i 
blue color of the copper solution disappears ' 
pletely. (See Sugar.) 

AMMONIA. 

100 c. c. of the urine is neutralized, 10 c. c. 
mal alkali added, and the solution boiled until j 
more ammonia escapes. Care must at first be tal^ 
that the solution does not boil over, as considei 
frothing generally occurs. All the combined i 
monia is in this way expelled, the potassium or i 
dium of the normal alkali taking its place. Uh 
likewise decomposed, producing ammonia and i 
bon dioxide, which latter unites with the pota 
to form a carbonate. 

The splitting up of the urea in no way ii 
with the alkalinity of the solution, however, i 
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I the caustic alkali ia merely changed to carbonate. I 
[ After all the auinionia is diiveii off, the free alkali | 
|TemalQing is I'ouud by normal acid and litmus 
1 paper. 

URIC ACID. 

500 c. c. of the urine is acidified with 5 c. c. sul- 
phuric or hydrochloric acid, and sot aside for 1 or 2 
days in a cold place. The uric acid is deposited in 
small crystals, which are generally highly colored. 
J They are filtered through a small funnel, the neck 
L of which is stopped witli a small loosely -fitting plug 
I of fine asbestos. Any crystals remaining in the 
I "beaker are detached with a feather and washed on 
I the filter with a portion of the clear filtrate. They 
I -are then washed with cold water (using the smallest 
I quantity possible) until the filtrate produces no tur- 
I bidity viith silver nitrate. The crystals are now dis- 
I Bolved in a little solution of pure sodium hydi-ate, 
I washed into a beaker, and the asbestos carefully , 
t washed, Tiie solution is diluted considerably, acid- 
( ified with sulphuric acid, and titrated with pennan- 



c, c. -jn permanganate X ■ 007.') = uric acid 

The nric acid is not entirely insoluble in the acid 
kflnid, and a small part of it remains in solution (ac- 
\ cording to Schwannert, ■ 0048 gm. for every 100 c. c). 

As an offset to tliis, the crystals which are deposited j 
I always contain coloring matter, which also decol- 
L-orizes permanganate and rectifies tlia error to a I 
[greater or lesser degree. To make the analyses com- 
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parable, they sliould, of course, always Tae made in 
the same way. All methods must tie imiierfBCfc 
uutil a plan for completely separating xiric acid &eft' 
from coloring matter has been devised. 

For further information upon the determinatii 
of uric acid in urine, see Liebig's Anualen, 
153; 16n, 315; Supp. Bd. 2, 313- Preaenius, Zeit- 
schrift, 7, 516 : 11, 234; 14, 206; 16,371; 9, 638. 
BericUte der Deutschen Chem. Gesellschaft, Bd. 5, 
410, Neiibauer and Vogel's Analyse des Hams, 
and Mohi-'s TiCrirmethode. 






Bwdeker's Method. 

The metliod is based upon the precipitation oF 
albumen from an acetic acid solution by potassium 
ferrocyanide, 211 parts ferrocyanide precipitating 
1612 parts albumen. Not less than IJ to 2 ^ of al- 
bumen should be present. 

Ferrocyanide Solution. — Made by 
1-309 gms. in a litre of water; 1 c. c. = 
albumen. 

50 c. c. of the urine is mixed with an equal \ 
ume of acetic acid, and a burette tilled with the e 
lation. 10 c. c. are run into a beaker containing | 
c. c. of the ferrocyanide solution, mixed, and pon 
upon a small filter which has been previoi 
moistened with acetic acid, and washed with 1 
ing water. If the filtrate be yellow and clear, i 
ferrocyanide is in excess, and a drop of the i 
added to it will produce a precipitate. If the 1 
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trate be turbid and the filtratiou slow, the albu- 
men is in excess, and often in such case both urine 
and ferrocyanide produce a precipitate. 

A second trial is now made, using 10 c. c. and 
more or less ferrocyanide, being guided in this by 
the result of the previous trial, and the analysis is 
again repeated if necessary, using 10 c. c. urine 
each time, until the filtrate from the precipitate 
gives no cloudiness upon the addition of urine or 
ferrocyanide. Sutton gives the following example : 
''50 c. c. of urine, passed by a patient suffering 
from Bright' s disease, were mixed with the like 
quantity of acetic acid, and tested as follows : 



Urine. Ferrocyanide. 



In Filtrate, 



Urine gave Ferrocyanide gave 

1. 10 c. c. 10 c. c. precip. 

2. 10 '' 20 " precip. 

3. 10 *' 15 " precip. 

4. 10 " 17-5 *' faint precip. 

5. 10 " 18 '^ 

Therefore the 10 c. c. of the diluted urine = 5 c. c. 
of the original secretion, contained -18 gm. albu- 
men, or 36 parts per 1000" = 3-6 ^. 

GRAVIMETRIC ESTIMATION OF ALBUMEN. 

The volumetric method is not very exact, and it 
is well to supplement it with a gravimetric estima- 
tion, which is made as follows : 

A quantity of urine is taken, which contains 
about -2 to -3 gms. albumen. If this requires less 
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than 100 c. c. urine, it should be diluted to tl 
vol ume with water. Tlie urine is brouglit to boi 
in a beaker glasB, when, if it contains sufficient free' 
acid, the albumen coagulates. If this is not the 
case, a drop or two of acetic acid may be added, 
but care must be taken not to use an excess, as this 
will redisaolve a portion of the albumen. 

The precipitate is now allowed to settle, and the 
clear tluid poured npon a weighed filter, and, af| 
it has passed through, the albumen is add< 
When all the fluid has run tlu-ough, leaving the 
bumea behind, it is washed into the point of the fil- 
ter by a. stream of hot water, the beaker is cleaned 
from adhering particles by a feather, and the fUtor 
and contents washed with hot water until the lit 
trate produces no turbidity in solution of silver 
trate. The filter, with its contents, is dried at li 
until it no longer loses weight, dried over sulphnrio 
acid and weighed. The difference in the weight of 
the filter before and after the operation is aiburaen. 

For further information upon the analysis 
urine, the student is referred to Neubauer 
Vogel' B ' ' Analyse des Hams." 



H 



ESTIMATION OF TANNTtf. 



Metkods for the estimation of tannin are on] 
valuable for t^'chnical purposes, and can 

claim to acientitic accuracy. 
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hammer's method.* 

This method is based upon the difference in spe- 
cific gravity of the solution before and after the re- 
moval of the tannin. The tannin is removed by 
shaking the bark, or other solution, with pulver- 
ized raw hide which absorbs it. The amount of 
contained tannin is found by comparison with a 
table given below. 

PREPARATION OF THE BARK OR OTHER EXTRACT. 

About 40 gms. of the substance is reduced to a tol- 
erably fine powder by an appropriate method, boil- 
ed with water, filtered, and well washed ; or the 
residue may be put in a strong press and exhausted. 
In the latter case less water is required. If the 
substance contains a small percentage of tannin, 
more than 40 gms. may be used, and with galls or 
other substances rich in tannin, a smaller quantity 
suffices. The solution is poured into a graduated 
260, 500, or 1000 c. c. flask, cooled to 15° by placing 
in spring water, and diluted to the containing mark. 
The specific gravity of a portion is then found either 
by filling a specific gravity bottle, and weighing, 
or by means of a hydrometer capable of indicating 
differences of • 0004. 

Preparation of the Powdered Raw Hide. — A 
piece of thick hide, from which the hair has been 
removed, is treated with water as long as any thing 
is extracted, stretched over a hoop, dried by the 
aid of a gentle heat, and then rasped to powder 

* Jour, fur Prak. Cliemio, 81, 159. 
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with a coarse file, and preserved in a stoppered 
bottle. For the removal of 1 part tannin, about 4 
parts powdered hide must be added to the solution. 
Before being used, the pulverized hide must be 
moistened with water and pressed. After the speci- 
fic gravity of a portion of the aqueous extract has 
been determined, another portion is to be shaken 
with some of the powdered hide, the solution fil- 
tered, and the specific gravity again taken. The 
percentage of tannin corresponding to each specific 
gravity is then found from the table, and the second 
subtracted from the first, the result being the per- 
centage of tannin contained in the extract. As the 
volume of the solution is known, the absolute 
weight of tannin may be easily calculated, and from 
this the percentage contained in the bark. 



TABLE. 
Specific yramty of Tannin, Solutions at 15". 



Per cent 
of Tunuin. 














1 
1 
1 
1 
1 
1 
1 





1 

2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 



Specific 
Gravity. 



•0000 

0004 
•0008 

0012 
•0016 
•0020 

0024 
•0028 

0032 
•0036 
•0040 
• 0044 
•0048 
•0052 
•0056 
•0060 
•0064 



Per cent 
of Tannin. 



1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 

o 
O 

3 



7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 



Specific 
Gravity. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



0068 
0072 
0076 
0080 
0084 
0088 
0092 
0096 
0100 
0104 
0108 
0112 
0116 
0120 
0124 
0128 
0132 



|. Per cent 
, of Tannin.; 



I 



3 

3 

3 

3 

3 

3 

4 

4 

4< 

4 

4- 

4. 

4 

4< 

4< 

4 

5. 



Specific 
Gravity. 



•4 




•5 




•6 




•7 




•8 




9 




•0 




1 




2 




•3 




•4 




•5 




•6 




•7 




•8 




•9 




.0 





•0136 
0140 
•0144 
•0148 
•0152 
•0156 
•0160 
•0164 
•0168 
•0172 
0176 
•0180 
0184 
•0188 
•0192 
•0196 
•0201 
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lowenthal's method.* 



The following solutions are used : 

1. An -3^ solution of potassium permanganate. 

2. A solution of indigo carmine, or ''precipitated 
indigo," containing 5 gms. per litre. 

3. A solution* of glue made by swelling 25 gms. 
with water, afterwards dissolving in hot water, di- 
luting to a litre, and saturating with common salt. 

4. A saturated solution of salt, to which is added 
60 c. c. hydrochloric acid (sp. gr. 1 • 12) per litre. 

5 gms. of galls or 10 gms. bark are boiled with 
water repeatedly, and the filtrate diluted to a litre. 
To 20 c. c. of this filtrate 25 c. c. of the indigo solu- 
. tion are added, then 20 c. c. of the acid solution of 
salt, the volume is brought to 600 or 700 c. c. by ad- 
dition of water, and y^ permanganate run in until 
the color becomes pure yellow. A second portion 
of 100 c. c. of the bark solution is now taken, 60 
c. c. of the glue solution added, and, after mixing 
the two thoroughly, 100 c. c. of the acid salt solu- 
tion. The mixture is allowed to stand over night 
and filtered. 

To 60 c. c. of the filtrate, 25 c. c. of indigo solu- 
tion is added, the solution diluted to 600-700 c. c, 
and titrated with permanganate until the yellow 
color makes its appearance. The difference between 
the amounts of permanganate represents the tannin. 

According to Oser, 1 c. c. permanganate = • 006236 
gms. oak bark tannin. Or, 

* Jour, fiir Prak. Chemie, 81, 150 ; Fres. Zeit. 16, 33 ; ib. 201. 
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nanganate^^l 



According to Nenbauer, 1 c. c. pc-rmanganate | 
■ 004155 gms. tannin of galls. 

Lijwenthal, however, remarks that the deteitnina" 
tions made by his method can only be compared 
with one another when the eubstancea examined are 
of the same kind ; for example, results obtained on 
a sample of sumach and one of imtgalls are not 
comparable directly, but only those from BuinacU 
inter se, and galls inter se.* 



WATER ANALYSIS. 



1 cTe^SuH^T 



ORDiSAnT water used for drinking and cleanvn^^ 
pni-poses contains a number of impiiiities, some of 
which, to a greater or less extent, unfit it for use. 
These are different in amount and in kind according 
to the source from which the water is derived. 
Kain water, which falls after tlie atmosphere has 
been puritied by previous showers, is the purest 
natural water. It always contains a littleamraonia, 
however, as well as dissolved oxygen, nitrogen, and 
carbon dioxide, which are taken up from the air. 
Well water always contains impurities which differ 
in amount and kind according to the nature of the 
soil through which the water flows. If this contains 

* So manj other inctliodB for the esttmstion of t&nnia hRve lieeii 
proposHd, tlint it would toko up too much apsca to enmnaraie tlii-ni. 
For further iuronuatloD, the folloning articlee maj be cniiRultoil : 
Pres. ZeiUcUrlft. 1, 101; 2, 387; 3. 410; 3,125: 3.196; 7,130;ll), 
I ; 15. 113 ; 10, 133. Ber. d. Deut. Clieni- QemM. 0. 78 ; 0. 730 
Chera- NowH. Ksis. lOS; sxis. 100 ; us. 10; xii. 61 ; iisii. II.- 
ixxii. 370. 
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much lime and magnesia, these are dissolved and 
the water becomes '' hard." If iron be present, the 
water dissolves it, and is said to be ''chalybeate." 
Water percolating through a marshy soil becomes 
saturated with organic matter. The purest well 
water is found in sandy soils, the constituents of 
which are nearly insoluble. River and spring 
water, such as is used for supplying cities and 
towns, is generally purer than well water. River 
water is, however, often very much contaminated 
by the admixture of sewage, especially in passing 
through a large manufacturing district. The sketch 
of the analysis of water here given should be sup- 
plemented by consulting the works of Kubel-Tie- 
mann, Reichardt, and Wanklyn. 

COLLECTION OV THE SAMPLE. 

It is best to collect the sample in glass bottles 
with glass stoppers. The green glass bottles used 
for acids answer the purpose very well. If the water 
is taken from a pump, the contents of the pump 
barrel should first be emptied. If from a spigot, 
the water in the pipe is first allowed to flow off. If 
the water is taken from a spring or river, the bottle 
must bo rinsed two or three times with the water, 
immersed, filled, stoppered, and withdrawn. At the 
time of taking the sample, the color, smell, and 
taste are to be noted (best by heating a portion to 
35° to 40°), and also any surrounding circumstances 
which might influence the purity, as, for instance, 
the nature of the soil, proximity of stables, out- 
houses, etc. 
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SUSPENDED MATTER. 

This is found by filtering a measured volume of 
the water (the bottle containing which should be 
previously shaken) through a weighed filter, wash- 
ing with distilled water (the washings are collected 
separately), drying at 120° in the air-bath until it 
ceases to lose weight, and weighing. The suspended 
inorganic matter may be found by burning the filter 
and contents and subtracting the filter ash. 



DISSOLVED SOLIDS. 

These may be determined by evaporating a meas- 
ured volume of the filtered water to dryness in a 
small evaporating dish, drying at 100° until the 
weight is constant, and weighing. The evaporating 
dish is then heated to redness until the organic mat- 
ter is burned off*, and again weighed. The loss is 
the dissolved inorganic matter. 



ESTIMATION OF THE HARDNESS. 

The ' ' hardness' ' of water is caused by dissolved 
salts of calcium or magnesium, which form salts 
with the fatty acids of the soap, insoluble in wat-er. 
As soon as tlie calcium or magnesium is in combina- 
tion with the fatty acid, the soap dissolves as in 
soft water. Temporary hardness is caused by bi- 
carbonates of calcium or magnesium ; by boiling 
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the water, these are decomposed, and simple car- 
bonates of these metals are precipitated. Perma- 
nent hardness is produced generally by calcium sul- 
phate, and this is difficult to remedy. 

Soap Solution, — This is made by triturating 15 
parts lead plaster (Emplast. plutnbi) with 4 parts 
potassium carbonate, and dissolving out the soap 
formed by shaking with strong alcohol. The solu- 
tion, after standing, is filtered, and diluted with a 
mixture of 2 volumes alcohol and 1 water, until 
14-25 c. c. are equal to 50 c. c. calcium chloride so- 
lution. 

Calcium Chloride Solution, — Made by dissolving 
• 2 gms. pure calcite in hydrochloric acid, evaporat- 
ing to dryness, and diluting to a litre. 

50 'C. c. of the water to be examined is placed in a 
250 c. c. bottle and the soap solution run in by por- 
tions of 1 c. c. at first, shaking after each addition. 
As soon as all the calcium or magnesium is precipi- 
tated, a lather is foimed by the soap in excess. 
When this lather remains for 5 minutes, the opera- 
tion is ended. The degree of hardness is found from 
the following table.* If the 50 c. c. of water require 
more than 16 c. c. soap solution, 25 c. c. are taken, 
and as much distilled water added. If the water 
contains much magnesium (known from the curdy 
appearance of the precipitate), no more than 7 c. c. 
soap solution should be used, and the water is di- 
luted accordingly. The strength of the soap solu- 
tion is found in the same way. 

* Sutton's Volumetric Analysis. 
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Table of Hardness. Parts in 100,000. 
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The preceding estimation of hardness gives the 
total ; the temporary hardness may be determined 
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by boiling a measured volume of the water in a 
flask with a long neck for half an hour. The water 
is then made up to its original volume by dilution 
with recently boiled distilled water, filtered, and the 
permanent hardness determined in 60 c. c. of the fil- 
trate. 

CHLORINE. 

The presence of much chlorine in a water is par- 
tial evidence of its pollution with sewage, which al- 
Avays contains a large quantity of sodium chloride, 
and the estimation is therefore an important one. 
The determination may be made either by Mohr's or 
Volhard's process. (See Chlorine.) 

Calcium, magnesium, iron, sulphuric and phos- 
phoric acids, and other inorganic substances, may 
be determined by the processes described in Part 
II., if it is thought desirable. 



ESTIMATION OF AMMONIA. 

Nesslefs Solution. — 62-6 gms. of potassium io- 
dide is dissolved in 250 c. c. of distilled water, and 
a cold saturated solution of mercuric chloride added 
by small portions at a time until a little of the pre- 
cipitate formed remains undissolved. To this solu- 
tion a cold solution of 150 gms. potassium hydrate 
in 150 c. c. water is gradually added, the whole 
made up to a litre, and allowed to stand until per- 
fectly clear, when it may be decanted for use. 

Ammonium Citloride Solution, — Made by dissolv- 
ing 1-5695 gms. pure dry salt in water, and making 




up to a litre. 100 c. c. of this solution are then di- 
luted to a litre for use. Of the latter solution, each 
c. c. contains ammonium chloride equal to -00005 
gms. ammonia (NH,). 

Dissolve about 1 gm. fused sodium carbonate in 
distilled water, and introduce into a retort con- 
neetfld with a Liebig's condenser. The beak of ttie 
retort must be pomted upwards, so tliat the water 
condensing in it may run bacli. Heat tlie water to 
boiling, and distil until the distillate, collected in 
a cylinder upon ivhite paper, shows no yellow col- 
oration when tested witli a few drops of Nessler's 
solution. The water to be tested is then poured 
into the retort, aud the distillation continued, col- 
lecting each 50 c. c. of tho distillate in a separate 
cylinder. Nesalei-' s solution (about 1 c. c.) is then 
added to each 50 c. c, and the same color is pro- 
duced in a second cylinder by taking 50 c. c. dis- 
tilled water free from ammonia, adding a measured 
quantity of the ammonium chloride solution (less 
than 3 c, c), and tlien 1 c. c, Nessler's solution. If 
the ctilors produce^i in tlie first trial are not the 
same in intensity, a second trial must be made by 
adding more or less ammonium chloi-ide to another 
CO c. c. of distilled water. The ammonium chloride 
must always be added before the Nessler's solution. 

When SO c. c. distillate contain less than -OfMXH 
NH„ as shown by color comparison, the distillation 
is discontinued. By adding together the amounts 
of NH, found in the separate portions of distillate, 
tile amount for the volume of water taken is 1 
at once. The ri'snlts are accurate only \ 
small quantities of ammonia are present. 
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ALBUMINOID AMMONIA. 

Under this term Wanklyn and Chapman include 
the ammonia which may be produced from albu- 
xriinous matters, contained in the water by boiling 
with an alkaline solution of potassium permanga- 
nate. To the contents of the retort, after the com- 
pletion of the preceding estimation, 60 c. c. of a 
mixture of 8 gms. permanganate, 200 gms. potas- 
sium hydrate, and 1 litre of distilled water, are 
added, and the distillation continued. If the boil- 
ing is irregular and bumping occurs, a few pieces of 
pumice, recently ignited, may be introduced with 
good effect. The estimation of ammonia in the dis- 
tillate is made as in the preceding case. 

NITROGEN AS NITRATES AND NITRITES. 

A portion of the water is evaporated to dryness 
on the water-bath, dissolved in a little distilled 
water, and then the nitrates and nitrites estimated 
by Thorpe' s process, described on page 200. The 
ammonia in the distillate is estimated by Nessler's 
solution. A small fragment of lime is added to the 
contents of the retort to assist in expelling the am- 
monia. This method gives both ammonia and ni- 
trates, and from this the amount of the former, 
being already found, must be subtracted. 

POISONOUS METALS. 

Small quantities of copper may be determined 
by a colorometric process described in Part II, 



VOLUMETRia ANALYt 




Small quantities of lead may "be determined i 
the same principltt, using a solution of hydrogi 
sulphide in place of potaeeium ferrocyanide. 



CONCLUSIONS. 

The conclusions to be drawn from the analysis 
a water depend not so much iipon one determina- 
tion as upon the analysis as a whole. In general, 
however, large amounts of chlorine, ammonia, al- 
huminoid ammonia, and nitrates should cause 
water to be looked upon as of suspicious characi 
and unfit for drinking purposes. 

The limits, ordinarily, are about as follows : Am- 
monia -008, albuminoid ammonia -01, and chlorine 
9- parts in 100,000. If the water is to be used for 
cleansing purposes or for boilers, the determination 
of temporary and permanent hardness is the most im- 
portant point. Late papers upon water analysis are 
as follows : Kiimmerer, Jour, fiir Prak. Chem. 14, 
316 ; ib. 323. H. Vohl, Ber. Deut. Chem. Ges. 10, 
1811. See also Pres. Zeit. sv. 230, 425, 479 ; ib. xvi 
359, 500. " 
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Mat be estimated by diBsolving in fuming s\i 
phuric acid, allowing to stand for some time, diW 
iug largely with distilled water, and titrating wit! 
permanganate until the color changes from blue 
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through green to yellow. The titration must always 
be conducted under the same conditions of tempera- 
ture and dilution, or great iiTegularities occur. The 
permanganate is titrated against pure indigo car- 
mine. 

The details are too extensive for insertion here, 
and the following papers may be consulted : Chem. 
News, XXV. 175 ; Dingier' s Poly tech. Jour. 132, 363 ; 
119, 114 ; 128, 208 ; Jour. Chem. Soc. 1865, 223. 



ADDENDA. 



Since this work has been in press, an important 
paper by Volhard npon his method for estimating 
silver has appeared in Liebig's Annalen, 190, 1. 
The author applies his method to the estimation of 
sUver, copper, mercury, the halogens, cyanides, and 
sulphocyanides. For details the paper itself must 
be consulted, as it is too extensive to admit of an 
abstract here. 

Another paper in the same journal, p. 211, by 
Grete, gives more complete directions for the esti- 
mation of carbon bisulphide by his process described 
on page 243 of this book. 
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Acetic acid, 249 ; table of specific gravities, 249 ; estimation of, by 
normal alkali, 250 ; by C. Molir's method. 250 ; in acetates, 251. 

Acid, estimation of, in neutral salts, 43, 44, 45 ; estimation of free, in 
presence of metallic salts, 40. 

Acidimetry, Pettenkofer's method, 41. 

Alloys, silver, 169. 

Aluminum, 139. 

Ammonia, 187 ; table of specific gravities, 187 ; estimation of, by nor- 
mal acid, 187 ; in combination, 188 ; conversion into chloride, 
191 ; estimation with bromized sodium hypochlorite, 191. 

Ammonium hydrate, normal solution, 35 ; carbonate, estimation of, 
190 ; chloride, estimation of, by decinormal silver nitrate, 190 ; 
chloride, table of specific gravities, 190. 

Analysis, volumetric, without a burette, 19 ; without weights or 
standard solutions, 20 ; without balance or weights, 20 ; by 
saturation, 29 ; by oxidation or reduction, 45 ; by precipitation, 62. 

Antimony, estimation as tartar emetic, 145. 

Argol. See Tartaric Acid. 

Arsenic, estimation of arsenious acid by iodine, 142 ; of arsenious sul- 
phide, 143 ; of arsenic oxide, 143 ; of arsenic in small quantities, 
144. 

Arsenious oxide, purification of, 69 ; decinormal solution of, 59. 

Balances, 3. 

1 barium, 83 ; estimation by standard bichromate, 86 ; by precipita- 
tion as chromate, 85 ; by precipitation as chromate (Hinman's 
process), 87 ; by precipitation as sulphate, 87 ; barium oxide and 
hydrate, estimation of, 83 ; hydrate, solution of, 41 ; carbonate, 
estimation of, 83 ; chloride, estimation of, 84 ; oxalate, estimation 
of, 84 ; sulphate, estimation of, 89. 
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Beale'B filtering tube, 83. 

Bismuth, eHtimaiion of, by precipitntion a» ctiromatc, 14^ ; 
ard potusaium blcliroiilate, 14G ; b; iudic acid, 117. 

BuDH neh, eatliuatiuD of pkoeplioric acid in. 317. 

BrominH, ST5 ; lij'drobnimk acid Bad bromidi^, S7S ; 

bromides la pruseDce at clilorldes, 2TQ ; Beimann'a inetliod. S76 ; 
Hinies' motUod modiflnd by PrBSBQJua, 377 ; estinuition of bui- 
mides in preseuce of cli loridea and iodides, 378 : bromic acid, 279. 

Buretteti, 4; Molir's, 4; KOnig^e, 8; Brittnn'a, 6; Qay-LuBBac'i', 6; 
Oay-Luaaac's. Mobr'a modi 8 cation, 7 : Ooissler's, 7 ; Caaauitijor's, 
7 ; witb ^iasa atop-cack. 7 ; Mulir'e borette witii T tube, 8 : cor- 
rentinn of, 11 ; atauds tor, 13, 14 ; delivery of, 3S ; graduatioD 
of. 10. 

ClOUiiTM, 107 ; eBtimallon as Eulpliide, 107 ; aa oxalate, 108. 
Calcium, 01 ; eeiimatiou ol liydiate or oxide, 91 : of catboiu 

of clilotide, 03 ; of snlpliate. 03 ; as osiulalc, 03. 
Carbon biRulpLldc, 343. 
Carbon compounds, 244. 
Carbon in low steela. 384. 
Carbonic tu-M, 34S ; eetimatlon in soluble cftrbon^tee, OS ; ia iDwlaU 

earbonatea. 246. 
Card for reading bnrettes, Mobr'a, B. 
CasaiuBJor'a burette, 7. 
ailora! liydralo, 3fi3. 
Ciilorlc acid and chlorates, 274 ; estimation of, by oxidation of r«iT 

salts, 374 ; by digestion nltb KI and HCL, 275. 
Chloride of lime, 269. 
CliloridHofsoda, 369. 

Clilorlne cnnipounda, 264 : chlorine, 264. See also Hydrocliloric A 
Chromic iron, 131 ; <«timation ol'iron in, 131. 
Chromium, 137; estimatioD by iodine liberated from potassiu 

137 ; by precipitation as load cbromate, 138 ; with standud I 

EOlutlon, 138. 
Cobalt, 135; eatimHtlon as cobalt aulpbnte, 133; aa cobalt o 

136 ; by perniangaDate, 13Q, 
Cochineftl, 37. 

Coin, silver, analysiti of, 16B. 
Compound etbera, 263. 
Copper. 130 ; eatimation of, with potaaaium iodide and thi(Mu]pbMiJ 

130 ; by pri.'CipitaUaii as cuprous oxide, 1S1 ; by pred^tttlao ■ 
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mertallic copper, 152 ; by means of potassium cyanide, 152 ; by 

sodium sulpliide, 153 ; in small qaantities, 154. 
Copper ores, Mohr*s process, 155 ; Steinbeck's process, 156. 
Cream of tartar. See Tartaric Acid. 
Cyanogen, 204 ; in double cyanides, 204 : estimation of, by iodine, 206 ; 

estimation of, by copper sulpliate, 207. 
Cylinders, mixing, 19. 

Eau de Javelle, 269. 
Erdmann's swimmer, 9. 
Errors, sources of, 21. 
Ethers, compound, 262. 

Ferric salts, 120 ; reduction to ferrous, 120, 122 ; estimation by so- 
dium tbiosulpbate, 123 ; by stannous chloride, 124 ; by digesting 
with potassium cyanide, 124. 

Ferricyanides, 209 ; estimation of, by permanganate after previous 
reduction to ferrocyanide, 209 ; by iodine and thiosulphate, 210. 

Ferrocyanides, 207 ; estimation of, by precipitation with copper sul- 
phate, 208 ; estimation of, with permanganate, 207. 

Ferrous salts, 118 ; estimation with permanganate, 118 ; with bichro- 
mate, 121 ; estimation of, in the presence of a ferric salt, 125. 

Ferrous ammonium sulphate, decinormal solution, 51. 

Filter, Beale's, 63. 

Filtering pipette, 63. 

Flasks, measuring, 18. 

Float, Erdmann's, for reading burettes, 9. 

Formic acid, estimation of, 253. 

Gay-Lussac's burette, 6 ; Mohr's modification of, 6. 
Geissler's burette, 7. 

Gold, estimation by oxalic acid and permanganate, 186. 
Guano, estimation of phosphoric acid in, 218. 

Hydrobromic acid. See Bromine. 

Hydrochloric acid, normal solution, 32 ; table of specific gravities, 

264 ; estimation of, acidimetric method, 265. 
Hydrochloric acid and chlorides, estimation of, by silver nitrate, 266 ; 

in an acid solution, 267 ; by mercuric nitrate, 267. 
Hypochlorites, 269 ; estimation of, by sodium arsenite, 270 ; Bunsen's 
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method, 273; Otto's method, 273; Fresenius' modification of 
Otto's metliod, 270. 

Illuminating gas, estimation of sulphur and ammonia in, 227. 

Indicators, 36. 

Indigo, 316. 

Iodine, estimation of hydriodic acid and iodides hy chlorine water and 
chloroform, 279 ; Mohr's modification, 280 ; by distillation with 
ferric sulphate, 280 ; Pisani's method, 281 ; by palladious chlo- 
ride, 283 ; iodic acid, 283 ; decinormal solution, 53 ; purification 
of, 53. 

Iron, estimation of ferrous salts by permanganate, 118 ; in HCl solu- 
tion by means of permanganate, 119 ; reduction of ferric salts pre- 
vious to titration with permanganate, 120 ; titration of ferrous 
salts with potassium bichromate, 121 ; reduction previous to 
titration, 122 ; estimation of, in ferric salts, 123 ; estimation by 
sodium thiosulphate, 123 ; by stannous chloride, 124 ; by diprest- 
ing with potassium iodide, 124; estimation of ferrous and ferric 
salts in a mixture, 125 ; of small quantities of iron, 126 ; cast- 
iron and steel, 133. 

Iron ores, estimation of iron in, 127 ; magnetite, 127 ; silicates, 128 ; 
spathic iron, 130 ; chromic iron, 131. 

Kieffer's method for estimation of free acid in presence of metallic 

salts, 40. 
K5nig's burette, 6. 

Labarraque's solution, 269. 

Lead, estimation of oxide and carbonate, 147 ; estimation of, by digest- 
ing the chromate with a ferrous salt, 148 ; by standard bichro- 
mate, 149. 

Litmus, 36. 

Magnesium, oxide, estimation of, 94 ; carbonate, 94 ; sulphate, 95 ; 
estimation as phosphate, 95 ; as oxalate, 97. 

Magnetic iron ore, 127. 

Manganese, estimation of, in manganous salts, 109 ; oxides, 108 ; esti- 
mation of, as manganous oxalate, 109 ; by reduction of potassium 
ferricyanide, 109 ; by titration with permanganate. 111 ; esti 
tion of, in tlie higher oxides, 112 ; by distilling with hydrochloric 
acid, 112 ; by digesting with oxalic and sulphuric acids, 112 ; 
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wltli an excess of ferroas sulphate, 113 ; estimation of, in small 
quantities, 114 ; in manganese ores, 115 ; in spiegel eisen, 116 ; 
estimation of the hydrochloric acid used in dissolving a manga- 
nese ore, 116. 

Measuring flasks, 18. 

Meniscus, 8. 

Mercury, estimation of, in mercurous salts, 157 ; by precipitation as 
chloride, 157 ; by thiosulphate, estimation of mercurous chloride, 
158 ; estimation of, in mercuric salts, 159 ; by oxidation of ferrous 
sulphate, 159 ; with potassium cyanide, 160 ; with potassium 
iodide, 160. 

Mixing cylinders, 18. 

Mghr's burette, 5 ; modification of Gay-Lussac's burette, 6 ; burette 
with T tube, 8 ; card for reading burette, 9. 

Molybdenum, 141. 

Monochromatic flame, titrations by the light of, 39. 

Neutral salts, estimation of acid in, 48, 44, 45. 

Nickel, estimation as oxalate, 135. 

Nitric acid, normal solution of, 33; table of specific gravities, 193; 
estimation of, by normal alkali, 193 ; by distilling nitrates with 
sulphuric acid, 194 ; by distilling with sulphuric acid in a vacuum, 
194 ; estimation of, by oxidation of ferrous salts, 195 ; by convert- 
ing into nitric oxide and reconverting into nitric acid, 195 ; by 
converting into ammonia, 200 ; estimation of, in alkaline nitrates, 
201 ; in metallic nitrates, 202. 

Nitrogen compounds, 187 ; estimation of nitrogen in organic com- 
pounds, 189. 

Nitrous acid, 202 ; preparation of silver nitrite, 203. 

Oxalic acid, normal solution of, 30 ; purification of, 30 ; estimation 

of, by saturation, 247 ; by permanganate, 248. 
Oxidation or reduction, analysis by, 45. 
Oxides of manganese, 108. 
Oxygen in water, estimation of, by ferrous sulphate, 286 ; by sodium 

hyposulphite, 287. 

Pettenkofer's method of acidimetry, 41. 
Phenol, 261. 

Phosphoric acid, estimation of, by uranium acetate, 211 ; by ferric 
salts, 213 ; by lead salts, 214 ; by precipitating as uranic phos- 
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pbftte, and estimating the uMDium, 315 ; BJk&limetric metbod, 
316: eetinuitiaD of, in boae aab. 217 ; in Bupeipliosphaie, gaano, 
etc., 318, 
PlioBiiLurus, 210. 

PlncL-ciicbs, Mnhr"B, 5 ; glaaa rod. 5 ; other forniB, 7, 
Pi|»ttrB. filtering, 03 ; delivery of, 10 ; correctiou of. 17. 
PutHBsiuiD, liydrate, eatimation of. 65 ; normal sululion of, S$ ; 

bonal«. eBtimatlon of, 67 ; cbloridp, e-^iniatioa of, 60 : sulphate, 
a of, 71 ; estimation of, ae acid tartnte, 73 ; and Hodinni, 
Ls HilieolluorideB, 73 ; biohromsle, decinonnaj aql4u 
10; pennsngaaal e, deduomial solution, 45 ; tKnocJm^ 
■u of, 207 ; ferrioyttQide, eBLimatioa of 
Pntaah. crudo estimatioD of, 82. 
Precipitation, analysis by, fIS. 






S*TtrnATIOS, analyalB by, 29. 

Silicates, estimation of iron in, 128. 

Silver, oHiimation of, by pret^pitation as cLloriJe, 163 ; with cbm 

BB indicator, 1G4; by agitating Iho liquid. 100; by Ibe filtering 
pipette, 100 ; eatimation of, by starcii iodide, 187 ; by precipiution 
PB HHlpliocyanide, 168 ; nilTite, pret>amaou of, 208. 

Silver alloyB, coin, etc., anal.Tais of, IGO: prepniatioa of staudard 
Hilt solatiou, 171 ; of deciuiul salt anlution, 171 { of dedmal eil. 
vcr solution, 171 ; the apparatus, 173 ; tlio [lipette, ITS : vlie bot- 
llea, 175 ; Bhaklng appuratua of fluy-Luaaac, 175 ; of Mulder, 
176 ; influence of temperoture. 177 ; correction table in tliou- 
BsadtliH, 17H ; Jnflueaca of olliur ruetals, 170 ; nneqiuil Bolidilica. 
tlon of alloyB, 181 ; pure BJlvtr. 181 ; pure nitric acid, 183 ; pure 
sodium chloride, 183 ; determining the Btrenjith of the stanJani 
salt Holutiou. 183 ; the aseay of alloys, 185. 

Soda aali, eatimutiou of nioiaturc, 80 ; sodium carbonate, 80 ; Ly- 
drnto, 80: sulphuric acid, 81 ; hydrochloric acid, 81; salpliids 
and ihitiBulphale, 81. 

Sodium, bydrate, estimation of, 75 ; normal solution of, 34 ; 
estimation of, 70 ; normal solution of, SO ; chloride, esti 
76 ; preparation of pure, 164, 183 ; aulpliBte. esttmatioD a 
tliioBulphate, estimation of. 348 ; deciuormal solution, 55 ; 
nite declnormal solution, 59. 

S lutiooB, adherence of, to glass, S3 ; preparation of, S4. 

Spathic iron, esiimttiion of iron in, 130, 

Stands, biueite, 13. 
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Stannous cliloride, decinomuil aolation, 60. 

Steel and cast-iron, estimation of iron in, 133. 

Steel, carbon in low, 284. 

Strontium, oxide and hydrate, estimation of, 90 ; carbonate, estimation 
of, 90 ; chloride, estimation of, 90 ; estimation of, as oxalate, 90 ; 
as sulpliate, 91. 

Sugar, 257 ; estimation of, by Fehliog's solution, 238 ; by mercuric 
cyanide, 260. 

Sulphur compounds, 219. 

Sulphur, 219 ; alkalimetric method for the estimation of, in sulphides* 
221; Kolb's modification of the preceding process, 222; estima- 
tion of, in alkaline sulphides, 222 ; in illaminating gas, 227 ; in 
organic compounds, 233. 

Sulphuric acid, 234 ; table of specific gravity of, 234 ; estimation of, 
by saturation, 235 ; estimation of, in sulphate, alkalimetrically, 
by barium chloride, 235 ; by barium hydrate, 236 : by lead ni- 
trate, 236 ; by strontium chloride, 237 ; with barium chloride in 
excess, and measuring the excess with potassium chromate, 237 ; 
estimation of, in acid solution by standard barium chloride, 238 ; 
Brilgelmann's method, 241 ; by the filtering pipette, 241. 

Sulphurous acid, 233 ; estimation of, by iodine, 233. 

Sulphydric acid, 224 ; estimation of, by permanganate, 224 ; by iodine 
and thiosulphate, 225 ; by sodium arsenite, 226 ; by silver ni- 
trate and sodium chloride, 227. 

Superphosphates, estimation of phosphoric acid in, 218. 

Swimmer, Erdmann's, 9. 

Tannin, estimation of, 304 ; Hammer's method, 305 ; preparation of 

the bark or other extract, 305 ; table of specific gravities of tannin 

solutions, 306 ; LOwenthars method, 307. 
Tartaric acid, estimation of, 254 ; table of specific gravity, 254 ; acid 

potassium tartrate, 255. 
Temperature, influence of, upon volume of solutions, 23 ; standard for 

preparing solutions, 24. 
Tliiosulphates, estimation of, 243. 
Tin, 140. 
Titanium, 140. 
Tungsten, 141. 
Turmeric paper, 42. 

Uranium, 139. 
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Urine, estimation of specific gravity, 290 ; total solids, 291 ; clilorine, 
293 ; urea, 294 ; estimation of pliospboric acid, 299 ; solpharic 
acid, 300; sugar,. 300 ; ammonia, 300; uric acid, 301; albumou, 
302 ; gravimetric estimation of albumen, 303. 

Vinegar. See Acetic Acid. 

Volume of solutions, influence of temperature upon, 23. 

Volumetric analysis without a burette, 19 ; without weights or 

standard solutions, 20 ; without balance or weights, 20. 
Volumetric processes, sources of error in, 21. 

Water Analysis, collection of the sample, 309 ; suspended matter, 
310 ; dissolved solids, 310 ; estimation of hardness^ 310 ; table 
of hardness, 312 ; chlorine, 313 ; estimation of ammonia, 313 ; 
albuminoid ammonia, 315 ; nitix)gen as nitrates and nitrites, 315 ; 
poisonous metals, 315 ; conclusions, 316. 

Zinc, oxide and carbonate, estimation of, 97 ; oxalate, 97 ; estimation 
as sulphide, 98 ; precipitation as sulphide, 100 ; estimation as 
ferrocyanide, 103 ; as ferricyanide, 105. 

Zinc ores, analysis of, 105. 
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